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PREFACE 


The fourth edition of Vertebrate Embryology has been so extensively 
rewritten as to require a new preface. I shall both restate some of the 
features of the book which have been retained and outline the changes 
introduced. 

In the first place, this edition, like the others, is organized on a com- 
parative basis. By this I mean that the successive stages in vertebrate 
development, as well as the developmental anatomy of the different 
organ systems, are considered from the comparative point of view. This 
is in contrast to another sort of treatment which may be designated as 
sequential or chronological, in which the complete embryology of one 
vertebrate is considered before that of another is commenced. The plan 
here adopted is to describe, for each stage or each organ system, the 
common vertebrate plan of development, and then to point out the 
specific details in each of the types selected for study. These types are 
four in number: amphioxus, because of the diagrammatic simplicity with 
which its early embryology may be followed; the frog (Rana pipiens)', 
unexcelled as an example of development in a small-yolked aquatic 
embryo; the chick, which is the basic form for all laboratory courses; 
and, finally, man, for human embryology is the topic in which the student, 
quite rightly, has the greatest interest. 

This organization makes the book available for the premedical student, 
especially since in this edition the amount of space devoted to human 
embryology has been greatly increased. The teacher who wishes to de- 
vote the greater part of the course to human embryology may easily 
omit the sections dealing specifically with the frog in the chapters on 
organogeny. Similarly, the teacher who wishes to emphasize the devel- 
opment of the frog may omit the sections on human organogeny. The 
recasting of the vertebrate organogeny into separate chapters for the 
different organ systems has made it possible to set off these sections 
more distinctly. 

In the second place, the treatment of the material is both morpho- 
logical and physiological. In the opinion of many teachers embryology 
is no longer a purely anatomical subject, and the student finds that the 
best way to learn the structures of the embryo is through the study of 
the dynamic aspects of development. In this edition the chapter on 


1See Note on page 270. 
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experimental embryology has been transferred to a position immediately 
following the chapters on organogeny, and it may be omitted by those 
who prefer to leave the latest advances of embryology to more advanced 
courses. ee 

In the third place, an attempt has been made to bring all the different 
topics treated up todate. The literature of the subject is truly enormous. 
Elsewhere (Science, 1940) I have written that between 1927 and 1936 
3469 abstracts in vertebrate embryology were printed in Biological Ab- 
stracts. These and later abstracts have been considered in preparing 
this revision, and the reader will find included much new material such 
as the data made available through the publications of the Carnegie 
Institution of Washington on primate and particularly human develop- 
ment. The results obtained through the use of vital stains by Vogt, 
Pasteels, and many others have been incorporated in the chapter on early 
embryology. Particular attention may be called to the photographs of 
frog embryos during gastrulation and neurulation and the interpretative 
drawings which accompany them. I believe that this account of gas- 
trulation in the frog is as accurate as can be given at the present time. 

These changes, including an increase in the proportion of the book 
devoted to organogeny from one quarter of the total to one third, have 
necessitated certain condensations elsewhere. The chapter on chromo- 
somes and genes has been shortened by eliminating the description of 
inheritance in Drosophila which is now adequately treated in most in- 
troductory textbooks of zoology. The chapters in earlier editions deal- 
ing with the anatomy of vertebrate embryos have been condensed into 
an atlas (Chapter 18), and some of the descriptive matter has been worked 
into the chapters on organogeny. Since the appearance of a laboratory 
manual prepared with my colleague, Dr. F. B. Adamstone, covering the 
anatomy of these embryos, the descriptions in the textbook have no 
longer been necessary to our students, but the illustrations have con- 
tinued to be very useful as a preview or review of the work in the labora- 
tory. I should stress the fact that these illustrations are intended to be 
faithful representations of typical laboratory preparations such as the 
student may expect to encounter in his own laboratory work. Else- 
where in the text, to be sure, diagrams, smoothed drawings, and recon- 
structions have been employed where teaching experience has shown 
their desirability. In our laboratory, my colleagues and I make much 
use of such models as Ziegler’s, the excellent frog models of Miiller, the 
chick models of Jewell and Patten, and wax reconstructions prepared for 
our own use. 

The chapter on vertebrate life histories has proved very useful as a 
general introduction to the comparative chapters which follow and has 
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been retained. In this revision the illustrations of frog embryos ori- 
ginally published in the Anatomical Record (1940) have been used with 
the permission of that journal. 

The pages devoted to the preparation and study of embryological 
material have been condensed into a single chapter. It has long been 
my experience and that of my associates that the study of serial sections 
is facilitated greatly if the student is given opportunity to prepare at 
least one set of slides in the laboratory. Where this is not practicable, 
he may derive some benefit from reading an account of the method by 
which such material is prepared. 

Space has also been saved by eliminating the chapter references and 
substituting a classified working bibliography. The glossary has been 
compared carefully with other glossaries, particularly the one in Rugh’s 
Experimental Embryology. The terminology has been checked against 
Webster’s New International Dictionary, and I hope that it now conforms 
to the best American usage. 

The most pleasant task in preparing a new edition is to review the 
contributions made by the author’s friends. Of the new illustrations the 
great majority are prepared by the artist of the earlier editions, Mrs. 
Katharine Hill Paul. The photographs are the work of my student, 
George Svihla. Most of the wax reconstructions illustrated have been 
prepared by the students named in the figure legends, and I am happy 
to acknowledge their enthusiasm and skill. A number of figures have 
been borrowed from other publications, and I am indebted to the courtesy 
of the copyright holders for permission to republish them. I take this 
opportunity to thank Drs. W. C. Curtis, Mary J. Guthrie, L. B. Arey, 
W. F. Windle, A. T. Hertig, and John Rock, as well as their respective 
publishers, John Wiley and Sons, W. B. Saunders, and the Carnegie 
Institution of Washington. Iam grateful also to Dr. E. A. Boyden and 
the Anatomical Record for permission to republish the plates of my normal 
stages of Rana pipiens. 

To Dr. J. H. McGregor, teacher and friend, I owe a debt of gratitude 
for his stimulating instruction and his encouragement and advice in the 
preparation of the original edition of this book. I have been very for- 
tunate while preparing this edition to have the advice of my colleague, 
Dr. C. G. Hartman, who was kind enough to read the first six chapters 
in proof. To my friend and colleague, Dr. F. B. Adamstone, I am in- 
debted for many suggestions based on the continuous use of the textbook 
for fifteen years and for invaluable assistance in correcting proof sheets. 
Special thanks are due my publisher, John Wiley and Sons, who has taken 
as much interest in the contents of the book as in its external appearance, 
and to the many teachers who have made me their debtor by suggestions 
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for making the book more useful. The errors which must have persisted, 
however, are my own, and J shall be grateful to all friends who call my 


attention to them. 
WaLpo SHUMWAY 


Urgsana, ILLINois 
December, 1941 
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CHAPTER 1 
THE STUDY OF EMBRYOLOGY 


Embryology may be defined as that division of biological science 
which deals with the development of the individual organism. It 
is concerned with the orderly series of changes in form and function 
through which the initial germ of the new individual is transformed 
into a sexually mature adult. Among vertebrate animals, at least, 
the germ with which development commences is normally an egg 
that has been fertilized by a sperm. The sexually mature adult is 
an individual which has developed to a point where it can produce 
mature eggs if a female, or sperms if a male. Sometimes the word 
ontogeny is used as a synonym for embryology, but more often it is 
defined to include the entire life history of an individual from its 
origin to its death. 


Early embryologists. The earliest treatise on embryology which 
has been preserved is Aristotle’s (384-322 B.c.), entitled “ De 
Generatione Animalium ”—concerning the generation of animals. 
This work describes the reproduction and development of many kinds 
of animals. Another treatise of his, ‘De Historia Animalium,” 
contains the first account of the development of the hen’s egg. 
Comparing the different types of reproduction, Aristotle placed the 
mammals first, for, being unable to discover the egg, he thought 
that their young arose from a mixture of male and female fluids and 
were “born alive.” Sharks, on the other hand, arose from eggs 
which were retained within the body of the mother and so were 
also born alive. Next he placed the type of reproduction shown by 
reptiles and birds in which the egg is “complete,” that is to say, 
furnished with albumen and a shell. Lowest among the vertebrates 
were the amphibians and bony fish with “incomplete” eggs. His 
account of development showed great powers of observation, skill 
in comparison, and imagination in interpretation. Notable among 
his speculations is one which has been given the name “ epigenesis.” 
From his observations on the development of the hen’s egg he 
concluded that development always proceeds from a simple formless 
beginning to the complex organization of the adult. 
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Another famous name in embryology is William Harvey (1578- 
1657). His book, ‘“ Exercitationes de Generatione Animalium,” is 
based largely on the development of the chick, which he described 
in great detail, although he too was limited by the fact that the 
microscope had not yet come into general use. One of his contribu- 
tions was a careful study of the development of the deer, which he 
compared with the chick. From purely theoretical considerations 
he came to the conclusion that mammals also formed eggs. The 
dictum ‘ Ex ovo omnia ” — all animals arise from eggs —is found on 
the frontispiece of the first editions of his book. 

After the invention of the microscope, Marcello Malpighi (1628- 
1694) published an account of the development of the hen’s egg, 
“De Ovo Incubato,” illustrated with excellent figures of development 
from the 24-hour stage of incubation on. His work was responsible 
for a theory of “ preformation ” as opposed to Aristotle’s epigenesis. 
On theoretical grounds, he held that the various parts of the embryo 
were contained in the egg and became visible as they increased in 
size. The enthusiasm resulting from the remarkable discoveries made 
with the newly invented microscope led to many later and wholly 
imaginative accounts of homunculi— miniature adults—#in eggs or 
sperms, respectively. 

Caspar Friedrich Wolff (1733-1794), in a highly theoretical treatise, 
“Theoria Generationis,” attacked the theory of preformation on 
logical grounds. A more important contribution on the development 
of the intestine in the chick demonstrated that the tubular intestine 
arose from the folding of a flat layer in an earlier stage of incubation. 
This was a direct refutation of the preformationist idea that the 
intestine was tubular from the beginning. 


Comparative embryology. Karl Ernst von Baer (1792-1876) is 
known as the “father of modern embryology.” He discovered the 
egg of mammals in. 1827 and published a book on animal development 
(1828 and 1837) in which he compared in detail the development of 
different animals.. From these he drew four important conclusions, 
known as von Baer’s laws. 

“1. The more general characteristics of any large group of ani- 
mals appear in the embryo earlier than the more special character- 
istics. 

“2. After hs more general characteristics those that are less 
general arise and so on until the most special characteristics appear. 

‘3. The embryo of any particular kind of animal grows more 
unlike the forms of other species instead of passing through them. 
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“4, The embryo of a higher species may resemble the embryo 
of a lower species but never resembles the adult form of that species.” 

From the time of von Baer up to the present the history of 
embryology has been marked by increasing specialization. Thus 
there is a comparative embryology of the vertebrates and a com- 
parative embryology of the invertebrates. There are also other 
divisions of embryology which will be indicated briefly in the following 
paragraphs. 


Cellular embryology. Soon after the first volume of von Baer’s 
treatise appeared, Schleiden and Schwann (1838, 1839) announced 
the cell theory, namely that all living things are composed of, and 
arise from, living units known as cells. This resulted in an intensive 
study, commencing in the latter part of the nineteenth century, 
of the germ cells, their origin and fertilization, which led Sutton 
in 1901 to the chromosomal theory of inheritance. In 1878 Charles 
Otis Whitman (1842-1910) traced for the first time the detailed 
history of the cells formed by the dividing egg (in the leech, 
Clepsine), thereby initiating the study of cell lineage. Cellular 
embryology is a subject which unites embryology with cytology, the 
study of the cell and its activities. 


Genetics and embryology. In 1866, Gregor Mendel (1822-1884) 
first carried on successfully experiments in breeding plants to discover 
the laws by which individual characteristics are inherited from one 
generation to another. His contributions were long unrecognized, 
but in 1900 they were rediscovered and in the following year Sutton 
first suggested that the behavior of the chromosomes afforded a 
mechanical explanation of these laws. This has led to the theory of 
the gene, a name proposed for the unit of heredity by Johannsen 
(1911). This theory in the hands of T. H. Morgan has assumed 
great importance to the embryologist, for, to quote from Brachet, 
“Embryology is fundamentally the study of heredity in action.” 


Phylogeny and embryology. In 1866, Ernst Haeckel (1834-1919) 
published a theory which he believed supported Darwin’s theory of 
evolution. He called it the “fundamental biogenetic law.” It is 
more often known as the recapitulation theory. This theory states 
that ontogeny is a brief and incomplete recapitulation of phylogeny, 
or that an animal passes through stages in its development comparable 
to those through which its ancestors passed in their evolution. So 
far as the vertebrates are concerned, this would mean that a 
mammalian embryo should pass through stages which are definitely 
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fish-like and later through stages which are essentially reptilian. 
The fact is that, although there are individual characteristics which 
at times are reminiscent of fish-like or reptilian ancestors, there 
is never a time in the-development of a mammal when it could be 
mistaken for a fish or a reptile. There are evidences that the 
vertebrates do retain in development certain features which also 
appeared in the development of their ancestors. For example, clefts 
appear in the pharynx of the embryos of birds and mammals, opening 
to the exterior just as they do in the embryos of fish. In the adult, 
fish these clefts contain the gills, but this is not true of adult reptiles 
or birds. It has been found very difficult, if not impossible, to draw 
up a genealogical tree of the vertebrates based solely on embryological 
data, and the recapitulation theory is not so widely accepted as in 
former times.* 


Experimental embryology. Among Haeckel’s contemporary op- 
ponents was Wilhelm His (1831-1904), who directed attention to 
the physiology of the embryo. Denying the theory of recapitulation, 


SomsE Important EVENTS IN THE History oF EMBRYOLOGY UP TO 1900 


Embryology in the classic period 
4th century B.c. Aristotle 


Embryology in the Renaissance period 
(Before the general use of the microscope) 


1651 Harvey Epigenesis 

(After the general use of the microscope) 
1672 Malpighi ; Preformation 
1768 Wolff Epigenesis 

Embryology in modern times 

1828 von Baer Comparative embryology 
1839 (Schleiden and Schwann announced cell theory) 
1859 (Darwin announced theory of natural selection) 
1866 Haeckel Biogenetic law 
1866 (Mendel announced laws of inheritance) 


(Microscopic technique being developed) 


1874 His Experimental embryology 
1878 Whitman Cell lineage 

1883 Roux Mechanics of development 
1891 Weismann Theory of the germplasm 
1899 Loeb Artificial parthenogenesis 
1900 (Rediscovery of Mendel’s laws) 


Shumway. 1932. “The Recapitulation Theory,” Quart. Rev. Biol. 7:93-99. 
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he called attention to the mechanical processes by which the various 
structures of the embryo arise from particular regions of the germ. 
Later, Wilhelm Roux (1850-1924) put the study of experimental 
embryology on a firm basis when he published a program for the 
new science, which he called the “ mechanics of development.” This 
has led to an intensive attack upon the problems of development 
from the physicochemical side which is carried on actively at ‘the 
present time. Weismann (1834-1913), a leader in theoretical em- 
bryology, suggested a theory of chromosomal inheritance which came 
very close to the mark. Jacques Loeb (1859-1924) discovered a 
method of inducing development in unfertilized eggs (artificial 
parthenogenesis) which has led to extensive research on the nature 
of fertilization. 


Chemical embryology. No attempt is made to mention the names 
of men still alive who have contributed to our knowledge of embry- 
ology, for the roll of distinguished zoologists here and abroad would 
have to be called. Yet it may be admissible to comment on the 
appearance of a monumental work in three volumes by Joseph 
Needham entitled “Chemical Embryology,” which seems to chart 
the course for still a new subscience in embryology. 


The value of embryology. To the student who specializes in 
zoology, embryology has a particular importance because it deals 
with the origin and development of the adult body. There is a 
fascination in tracing out the history of the different anatomical 
structures as they take form, grow, and gradually assume the 
appearance familiar to us in the mature animal. And in the history 
of the different organs are found clues to their relationship and 
functions. Everyone knows, for example, that the adrenal gland 
secretes a hormone, epinephrin, which, circulating in the blood, rouses 
the sympathetic nervous system to greater activity. But in embry- 
ology the student learns that the part of the adrenal gland which 
secretes epinephrin is derived from those same ganglia which give rise 
to the sympathetic nerves. 

He also finds clues to ancestral relationships. Even though the 
recapitulation theory has been abandoned as an explanation of 
development, embryologists recognize that there are structures in 
the body which correspond to similar parts used for the same or 
different purposes in the bodies of some distant ancestor. The 
“retention theory ” has been proposed by de Beer as an explanation. 
Thus the vestigial tail of the human embryo arises in the same place - 
and manner as the tails of other vertebrates, and we have no doubt 
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but that some remote prehuman ancestor sported and made use of 
a tail. The embryo retains this tail, not as a recapitulation of 
ancestral history, but because it inherits the genes which initiate 
the development of a tail. So the student of comparative anatomy 
often turns to embryology hoping to find homologies in the mode of 
origin and manner of development of the adult organs in which he 
is interested. 

The modern student of embryology is concerned mainly with the 
dynamics of development. He examines the protoplasmic organization 
of the egg and the sperm, their genetic constitution, and the nature 
of the process by which the sperm initiates development in the egg. 
He traces the history of the different cells into which the egg divides 
and tries to learn the way in which that differentiation takes place. 
He is interested in the mechanics of the processes by which these 
cells arrange themselves into the different germ layers, and how the 
different organs arise. 

To these problems he brings the methods of descriptive embry- 
ology: the delicate technique of preparing embryological material, 
the skilled use of the microscope and its accessories, the interpretation 
and reconstruction of his prepared material. He also uses the methods 
of experimental embryology: the alteration of the normal conditions 
of development, new genetic complexes, altered environmental condi- 
tions at different stages of development, the development of individual 
cells or parts of the embryo in isolation or transplanted into new 
positions or different hosts. 

Embryology is not an easy subject. It requires a high type of 
visual imagination. The student must bear in mind that he is dealing 
with living objects, three-dimensional and continually changing in 
volume, shape, and constitution. Much of his attention must be 
given to the cells of the embryo, as they multiply, migrate, take on 
different appearances, and carry on different functions. But he 
must always remember that the embryo has a life of its own to lead. 
All the different cells and cell groups in the embryonic body work in 
harmony if the development of the embryo is normal. He must not 
lose sight of the embryo-as-a-whole. 

The student preparing for medicine has a professional interest 
in embryology. Teachers of human anatomy have long since agreed 
that a knowledge of embryological relationships is the best possible 
preparation for the study of human anatomy. A good working 
acquaintance with the outlines of human embryology is prerequisite 
to the study of obstetrics. And the practitioner of medicine must 
be prepared to answer all sorts of questions about human development. 
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There are two different ways of approaching the subject of verte- 
brate embryology, when more than one type of development is to 
be studied. By the first method the different types of development’ 
are taken up one after another, e.g., amphioxus, frog, chick, man. 
The second method consists of discussing the different topics of 
embryology in turn and comparing the conditions found in each 
of the types. In this book, the second, or comparative, method is 
employed. But before taking up the first topic in comparative 
embryology, it is helpful to examine, very briefly, the life history of 
each of the types to be used in the later discussion. This will serve 
to introduce the main stages of embryology, and to point out the 
different conditions under which development takes place. 


SUMMARY 


The history of embryology has passed through three phases. 
First came the period of fact-finding or description. The first name 
associated with this period is Aristotle’s. Before the invention of 
the microscope, Harvey, and, after its invention, Malpighi, made 
careful studies of the development of the hen’s egg. 

The second period is comparative embryology, commencing with 
von Baer. Comparative embryology has been influenced in the past 
by Haeckel’s theory of recapitulation, which was supposed to support 
the Darwinian theory. With this period we associate also the 
subject of cellular embryology growing out of Schleiden and Schwann’s 
cell theory. This subject is now closely linked with genetics, for 
the gene, or unit of genetics, is located in the nucleus of the cell. 

The present period may be called experimental embryology, fore- 
shadowed by His and put on a firm basis by Roux. 

The study of embryology is of value in understanding the rela- 
tionships of the parts of the adult body and the homologies of adult 
organs in different groups of animals. But its immediate aim is to 
discover the nature of developmental processes. Its methods are 
observational and experimental. It is concerned both with the 
behavior of the cells of the embryo and with the activities of the 
embryo as a whole. 


CHAPTER 2 
VERTEBRATE LIFE HISTORIES 


The general pattern of development is essentially the same in 
all vertebrate animals. In the different classes of vertebrates, to 
be sure, there are many individual departures from this general plan. 
Nevertheless, a more accurate picture of vertebrate embryology can 
be obtained from a study of the details of development in several 
well-known forms than in one. Of all the vertebrates the four 
which have been studied most intensively are the amphioxus, the 
frog, the chick, and man. In order to compare the details of develop- 
ment in these vertebrates it is helpful to have a general picture of 
' the life history of each. Before continuing with a brief account of 
the life history of these vertebrates it is advisable for the student 
to recall the list of terms which will be used in the descriptions 
following. 


SoME Expressions CoMMON IN DEscRIBING EMBRYOS 
(Synonyms in parentheses) 


Anterior (cephalic, cranial, rostral) — head end. 

Posterior (caudal) — tail end. 

Dorsal — back surface. 

Ventral — belly surface. 

Lateral — either right (dextral) side, or left (sinistral) side. 

Mesial (median, medial) — middle. 

Proxima] — nearer the point of reference. _ 

Distal — farther from the point of reference. 

Transverse — a plane intersecting the anteroposterior axis at right angles, dividing 
anterior portion from posterior. 

Sagittal — the mesial plane of the body or any plane parallel to it, dividing right 
portion from left. 

Frontal (coronal) — any plane at right angles to both transverse and mesial planes 
dividing dorsal portion. from ventral. 

Primordium (anlage, Ger.; ébauche, Fr.) —the first recognizable stage in the 
development of any new part of the embryo. 

Invagination — the growth of a surface in (toward the point of reference). 

Evagination —the growth of a surface out (away from the point of reference). 


y, 


AMPHIOXUS 


The amphioxus (Branchiostoma lanceotatum) is not really a 
vertebrate, for it lacks a skull and vertebral column. But because 
it has a notochord and other chordate structures it is a relative of 
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the vertebrates, a protochordate. Some believe that the structures 


peculiar to the amphioxus are more primitive than those seen in the 
vertebrates; others hold that they are degenerate and due to the mode 
of life adopted by this curious animal. 


Spawning. Amphioxus is found in many localities. In the Bay 
of Naples, where the development of the amphioxus has been carefully 
studied, its breeding season takes place in late spring and summer. 
During the late afternoon the males and females emerge from the 
sands in which they burrow normally, and swim about in the shallow 
waters, shedding sperms and eggs respectively. The eggs are quite 
small (0.1 mm. in diameter) and contain little yolk. 


Fertilization. The sperms swim to the eggs, one sperm normally 
entering each egg, about which a membrane — the fertilization mem- 
brane — appears. Before fertilization each egg gives off a very 
small cell—the first polar body. After fertilization a second polar 
body is formed (Fig. 1A). 


Cleavage. About an hour after fertilization the fertilized egg 
divides into two equal parts. This is called the first cleavage or 
2-cell stage, and each of the cells is called a $-blastomere (Fig. 1B, C). 
The second cleavage follows in about three-quarters of an hour to 
bring about the 4-cell stage with its 4-blastomeres. Later cleavages 
occur more rapidly. It will be noticed that the cells near the point 
at which the polar bodies (animal pole) were given off are a little 
smaller than those in the opposite (vegetal) hemisphere (Fig. 1D, £). 


Blastula. Four to six hours after fertilization it is seen that the 
blastomeres have arranged themselves in the form of a hollow sphere. 
This is called a blastula (Fig. 17), and the enclosed cavity, which 
is due to the rounding up of the inner surfaces of the blastomeres 
and the formation of a jelly between them, is called the-blastocoel 
(Fig. 1G). 


Gastrula. Six to seven hours after fertilization it will be observed 
that the larger blastomeres are moving into the blastocoel just as if 
that side of the blastula were collapsing inward. This is called 
invagination, and when the process is complete the hollow sphere 
has been transformed into a two-layered cup, the gastrula (Fig. 1H). 
The blastocoel has been pushed out of the picture, and a new cavity, 


the gastrocoel (or archenteron), has taken its place. This new cavity 


opens to the exterior by means of a large aperture, the blastopore, 


_ which later narrows as the gastrula increases in length (Fig. 1/). 
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Fic. 1. Development of the amphioxus. A, fertilized egg, from posterior side. 
B, beginning first cleavage, from posteriorside. C, first cleavage complete, from vegetal 
side (note extruded jelly). D, third cleavage, from right side. 4, fifth cleavage (32 
cell stage), from side. F’, blastula (256 cell stage), from right side. G, blastula, 
sagittal section. H, gastrula, sagittal section. I, late gastrula, sagittal section. 
J, early embryo of seven somites, optical section from left side. K, embryo of ten 
or eleven somites, optical section from left side. L, embryo of 48 hours, optical 
section from left side. (A—L, X166, after Conklin, 1932.) M, larva with three 
gill slits, from left side, X60 (after Lankaster and Willey). WN, adult, from left 
side, X2 (after Lankaster). 
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The germ layers. The outer layer of the gastrula is known as the 
ectoderm; the inner one is frequently called the endoderm. It really 
~ includes not only the endoderm proper, which is to become the lining of 
the digestive tube, but also the middle germ layer or chorda-mesoderm, 
which now forms the roof of the gastrocoel. The notochord and meso- 
derm are separated from each other about 11 or 12 hours after fertiliza- 
tion. The mesoderm gives rise to a series of pouches or enterocoels 
which are metamerically arranged on either side of the notochord. The 
endoderm from either side grows up under the mesoderm and unites 
under the notochord so that the cavity is completely lined with 
endoderm. 

The ectoderm immediately overlying the chorda-mesoderm is the 
neural plate. At its margin lateral folds arise and arch towards 
the midline to meet and form a neural tube. Ectoderm from the 
ventral lip of the blastopore fuses with them about 15 hours after 
fertilization, forming a neurenteric canal by which neural tube and gut 
are connected (Figs. 1/, 1K). 


Hatching. The embryo escapes from its egg envelopes at this 
time, if not indeed a little earlier. It is now cylindrical in form, 
flattened on the dorsal surface, its length about twice its diameter. 
It appears to be about twice the volume of the original egg, owing 
to the large digestive cavity arising from the gastrocoel. 


The larva. After hatching, the embryo still subsists on the re- 
mainder of its yolk until the mouth opens, about the fourth day after 
fertilization. It is then about 1 mm. in length, very slender, and 
probably of no greater volume than the original egg (Fig. 1L). As 
soon as the mouth opens and the embryo is able to ingest food from 
external sources it is called a larva. By now all the organ systems 
except those connected with reproduction are functioning. For about 
three months the larva leads a free-swimming existence, making its 
way to deeper waters (Fig. 1M). 


Metamorphosis. At the end of three months, roughly speaking, 
the larva has increased in length to an average of 3.5 mm. It now 
gives up its free-swimming life to burrow in the sands and slowly 
assume its adult characteristics (Fig. 1N). The ability to produce 
mature germ cells is first manifested when the animal is about 
20 mm. long. 

THE FROG 

The frog (Rana pipiens) is one of the anuran amphibia. It is 
selected as a type of ichthyopsid (fish and amphibia) or anamniote 
(developing without an amnion). It has been a favorite object 
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of embryological observations and experiments for centuries, and its 
development is better known than that of any other vertebrate except 
the chick. 


Spawning. The breeding season of the frog is in the early spring, 
soon after the ice is off the ponds. The males, emerging first from 
hibernation, make their way to the breeding grounds, where they 
congregate and sing in chorus while awaiting the coming of the 
females. On arrival, each female is seized by a male who grasps 
‘her for long periods (amplexus). In the early morning both in- 
dividuals discharge their germ cells, so that fertilization is external. 
The egg, about 1.7 mm. in diameter (Fig. 2A), is surrounded with | 
a layer of albumen which swells rapidly, causing the eggs, in masses 
of 3500 to 4500 (Wright), to adhere to vegetation or to rest on the 
bottom in shallow water. The yolk, present in the form of platelets, 
is concentrated largely in the lower hemisphere of the egg. 


Fertilization. Fertilization is external, but the close contact of 
the individuals during amplexus ensures that the sperm enters the 
egg before the swelling of the egg jelly prevents it. The first polar 
body is formed before fertilization, the second afterwards. 


Cleavage. The rate of cleavage depends upon the temperature, 
but the first division (Fig. 2B) may occur one to two hours after 
fertilization, earlier at high temperatures, later at low ones. Cleavage 
divides the egg completely, but the third cleavage is unequal so that 
the four 4-blastomeres of the animal hemisphere are markedly smaller 
than the four of the vegetal hemisphere (Fig. 2D). After the third 
cleavage, the pattern becomes more irregular. 


Blastula. The presence of the large yolk-laden blastomeres in the 
vegetal hemisphere results in an eccentrically placed blastocoel. 
Furthermore, cleavage planes tangential to the surface of the blastula 
produce a layer of blastomeres several cells in thickness. 


Gastrula. The presence of great amounts of yolk prevents any 
invagination, and gastrulation takes place by overgrowth instead. 
Commencing from a shallow groove just below the equator (Fig. 2F), 
the smaller cells grow down over the larger ones. The down-growing 
cells form a two-layered fold because the cells at the margin are 
turned in as the fold grows down. As this overgrowth and tucking-in 
continues, the fold extends at its two extremities to become crescent- 
shaped (Fig. 2G). Finally the two ends of the crescent meet to 
form a circle, which rapidly diminishes in circumference until finally 
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only a small plug of the larger yolk-laden cells protrudes (Fig. 2H). 
The circle is known as the blastopore, and the groove with which it 
commenced is known as the dorsal lip of the blastopore. A gastrocoel 


4 ae PS 
Fic. 2. Development of the frog, Rana pipiens. A, fertilized egg, from left side. 
B, first cleavage, from posterior side. C, second cleavage, from left side. D, third 
cleavage, from side. £, fifth cleavage, from side. F, early gastrula (dorsal lipstage), 
from posterior side. G, midgastrula (lateral lips), posterior side. H, late gastrula 
(yolk plug stage), posterior side. J, neurula, dorsal side. J, neural folds open, 
dorsal side. K, neural folds closed, dorsal side. L, tail bud stage, dorsal side. 
(A-L, X10.) M, stage of muscular response. N, hatching stage. O, opercular 
fold stage. P, tadpole after closing of operculum. (M-P, X73.) (From 

Shumway, Anatomical Record 78:139-147, rearranged.) 
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is formed between the large yolk-laden cells and the smaller cells 
turned in at the lips of the blastopore. 


The germ layers. The.cells which were left on the exterior of the 
gastrula make up the ectoderm, while the inturned cells make up 
the chorda-mesoderm or roof of the gastrocoel formed at the dorsal 
lip and mesoderm at the lateral and ventral lips. The yolk-laden 
cells which were overgrown in the process become the endoderm. No 
enterocoels are formed but the mesoderm on either side of the 
notochord breaks up into a metameric series of block-like somites. 


The neurula. The neural plate lies over the roof of the gastrocoel. 
It forms around its margin neural folds (Fig. 27), which will later 
grow together to produce the neural tube. The frog embryo is called 
a neurula when the neural plate is formed (50 hours after fertilization, 
when kept at 18° C.). While the neural tube is being formed the 
embryo increases in length to about 2.6 mm. This length is attained, 
ordinarily, 72 hours after fertilization (Fig. 2K). 


Hatching. The embryo increases rapidly in length and in the de- 
velopment of its organ systems. It attains the length of 6 mm. (Fig. 
2N), 140 hours after fertilization (at 18° C.) and wriggles out of its 
jelly. The embryo as yet has no mouth or éxternal gills but is pro- 
vided with a sucker by which it attaches itself to the egg jelly while 
these organs are forming. e 


The larva. External gills (Fig. 2N, O) develop on the embryo soon 
after hatching (6-7 mm.), but, by the time the mouth has formed, 
these gills are covered over by a fold of skin, the operculum. This 
remains open on the left side by means of an aperture called the 
spiracle. Meantime, clefts have opened between the endoderm of 
the pharynx and the ectoderm just back of the head, and in these 
clefts the internal gills are formed. By now the embryo may be 
called a larva. It is 11 mm. in length (Fig. 2P) and its age is 284 
hours after fertilization (at 18° C.). The tadpole is about 84 mm. 
long when fully developed. 

About a month after hatching, the legs develop: first the fore- 
legs, concealed by the operculum; later the hind-legs. The lungs 
are now developing, and the tadpoles frequently come to the surface 
to breathe. 


Metamorphosis. About 3 months (90 to 100 days) after the egg 
is laid, the larva undergoes a rapid change into the adult condition 
(Fig. 2N). If food is scanty or prolonged cool weather prevails, this 
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metamorphosis may be held over until the following spring. The 
animals become sexually mature in the second spring following meta- 
morphosis. 


THE CHICK 


The domestic fowl (Gallus domesticus) develops under conditions 
widely removed from the two types preceding, for the egg is laid 
on land. This type of development is characteristic of the sauropsids 
(reptiles and birds) and of the egg-laying mammals (monotremes). 
We have observed that most of the early embryologists worked with 
the hen’s egg, for it may be procured in abundance at all seasons 
of the year and is easily incubated. The development of the hen’s 
egg is studied in almost every embryological laboratory and is better 
known than that of any other vertebrate. 


Fertilization. The egg is fertilized within the oviduct of the fe- 
male after copulation with a male. The sperms make their way to 
the upper portion of the duct and retain their vitality for at least 
three weeks. The egg forms two polar bodies, but it is not known 
whether the sperm enters the egg before or after the formation of 
the second polar body. In the pigeon’s egg the sperm enters while 
the first polar body is being formed. 

The egg itself is extremely large, at the time of fertilization con- 
sisting of an enormous mass of yolk about 40 mm. in diameter. On 
this rests a tiny disc of protoplasm, the blastodisc, about 3 mm. in 
length. All is enclosed by a vitelline membrane (Fig. 3A). 

As the egg makes its way down the oviduct (a process requiring 
about 24 hours), albumen or egg white is deposited around it, shell 
membranes are laid down enclosing the albumen, and finally calcium 
salts are deposited on the membranes. These harden about 13 hours 
after ovulation. 


Cleavage. This process also takes place as the egg is traversing 
the oviduct. In the hen’s egg; cleavage affects only the blastodise 
and the yolk is entirely undivided (Fig. 3B, C). Furthermore, the 
blastomeres are not at first divided completely from each other but 
remain connected below and at the margin of the disc. 


Blastula. Tangential cleavage planes, at about the 64-cel! stage, 
cut off the central cells from the undivided protoplasm beneath them, 
thus forming a blastocoel. The marginal cells are still united beneath 
the blastocoel and at their margin by the undivided protoplasm or 
periblast. Central and marginal cells together make up the blasto- 
derm, which expands rapidly as new cells are added.at its periphery 


oe rrr) 


Fia. 3. Development of the hen’s egg. A, fertilized egg, with shell partly broken 
away to show interior, <3. B, second cleavage, shell and albumen removed, from 
above, X3. C, later cleavage stage, germinal dise only, from above, X4. D, blast- 
oderm at 15 hours of incubation, X7._ E, blastoderm at 20 hours of incubation, 
X7. F, blastoderm at 25 hours of incubation, x6. G, blastoderm at 38 hours of 
incubation, X54. H. , blastoderm at 48 hours of incubation, X21. J , blastoderm at 
68 hours of incubation, X21. J » embryo and yolk sac at sixth day of incubation, 
Xz. K, embryo at nineteenth day of incubation, X$. (All after Duval; K 
modified.) 
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and cut off from the periblast. The central portion of the periblast 
is soon consumed, and the central portion of the blastoderm lies di- 
rectly above the yolk. The original blastocoel thus is enlarged by 
the addition of space resulting from the liquefaction of the yolk. 
When viewed by reflected light, the area over this cavity appears 
more transparent and is called the area pellucida, and the denser area 
surrounding it is called the area opaca. 


Gastrula. The blastoderm grows out over the yolk all around its 
periphery, but in one area cells migrate beneath the surface, con- 
verting the area pellucida into a two-layered structure which may 
be called the gastrula. The underlying cavity is the gastrocoel, and 
the area where the ingrowth took place represents the blastopore. 


Laying and incubation. It is during gastrulation that the eggs are 
usually laid (Fig. 3A). After the eggs are laid, the hen broods them 
for about three weeks. This process keeps the eggs at a temperature 
of about 38°-39° C. 


Germ layers. The two layers of the gastrula are usually called 
the ectoderm and the endoderm. The cells which will later migrate 
beneath the surface to form the chorda-mesoderm are still in the 
outer layer. Early in the first day of incubation an axial area, 
which is known as the primitive streak (Fig. 3D), appears in the 
area pellucida. Here it will be sufficient to note that the notochord 
grows forward from the anterior end of the streak, while the meso- 
derm grows out from its sides and posterior end (Fig. 32). 


Formation of the body. The embryo is still a flat disc, so the 
neural folds, somites, etc., take their origin during the first day in 
a manner which differs from that of the frog much ‘as a flat map 
differs from a globe (Fig. 3F). Later a series of folds cuts off the 
embryo (Fig. 3G, H, J) in the pellucid area while the area opaca is 
growing down around the yolk to form a yolk sac. To this the 
embryo is attached by a yolk stalk. In the wall of the yolk sac 
there develops an extensive circulatory system which conveys food 
digested by the wall of the sac to the rapidly growing embryo. 


Amnion and allantois. Other folds grow up from the area pellu- 
cida to form a second sac, the amnion, which encloses the embryo. In 
this a fluid is formed so that the chick really develops in a watery 
medium, or “ private pond,” as it has been called (Fig. 3J). In con- 
nection with the growth of the amnion a third sac, the chorion, is 
formed, enclosing a cavity known as the exocoel or extra-embryonic 


coelom. 
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Still another sac grows out from the body of the chick which 
serves in the first instance to receive the waste products of metab- 
olism while the chick is still within the shell. This sac, the allantois 
(Fig. 3), later develops ‘a network of blood vessels which come in 
close contact with the shell and serve as a respiratory device whereby 
oxygen is obtained and carbon dioxide given off. Finally this sac 
encloses the albumen, which is also utilized as food and a source of 
water. 


Hatching. On the-twentieth day (Fig. 3K) the chick punctures 
the shell, the remains of the yolk sac are drawn back into the body, 
and the lungs are put to work. The following day it makes its way 
out of the shell, leaving amnion, chorion, and allantois behind. Sexual 
maturity is attained at the age of 4 or 5 months in the male, and 
4 to 10 months in the female. 


MAN 


The development of man (Homo sapiens) has been a subject of 
study and speculation since long before the time of Aristotle, par- 
ticularly among students of medicine. But although much is known 
concerning the later stages of development, the earliest stages remain 
almost entirely unknown, and our account must be supplemented 
from observation of other placental mammals. 


Fertilization. Fertilization is internal and probably takes place 
in the upper part of the oviduct, after the first polar body is formed 
and before the formation of the second (Fig. 4A). 


Cleavage. The human egg has not been. observed in cleavage 
stages, but in the monkey (Fig. 4B, C, D) it is known that cleay- 
age is complete and the first blastomeres are approximately equal 
in size. There is so little yolk in the egg that the blastomeres round 
up and slip about on each other, giving rise to a solid mass of blasto- 
meres called a morula. 


Blastula. The human blastula is also unknown, and there is some dif- 
ficulty about homologizing the early embryos of other mammals. Some 
authorities consider the morula a solid blastula. Others, and these 
are in the majority, believe that the blastula stage of other verte- 
brates is represented by a form known as the blastocyst. This is 
derived from the morula by the formation of a cavity, filled with a 
liquid, which gradually separates an outer layer of cells, the tropho- 
blast, from an inner mass of cells, the embryonic knob (Fig. 42). 
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Fic. 4. Development of man. A, mature egg, unfertilized, from uterine tube, 
section, X250 (after Allen). B, C, D, cleavage in the monkey egg, first, second, and 
third cleavages, X112 (after Lewis and Hartmanin Arey). , section of monkey egg 
before implantation, 250 (after Streeter). , section of human ovum, after im- 
plantation, X150 (after Hertig). G, section of human embryo, 15 days old, 100 
(after Brewer). H, primitive groove stage X20 (Heuser). J, three somites and neural 
folds X18 (Ingalls). J, seven somites X15 (Payne). K, ten somites X15 (Corner). 
(I-K, redrawn from Streeter.) L, diagram of uterus and embryo at about one month, 
<1 (after Arey). M, embryo of eleven millimeters (about six weeks) with its mem- 
branes, chorion opened, X1 (after Arey). JN, fetus, near term, (diagrammatic after 
Ahlfeld). 
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Gastrula. The trophoblast may be considered precociously dif- 
ferentiated ectoderm which takes no part in the development of 
the embryo but does take part in the making of an outer membrane, 
the chorion. The embryonic knob consists of two regions, one of 
which, attached to the trophoblast, is usually called ectoderm, while 
the other is to be considered endodermal. This lower layer of cells 
separates from the upper layer (Fig. 47) and organizes itself into a 
hollow yolk sac, which in the human embryo is very small (Fig. 4G). 


Implantation. The embryo reaches the uterus after about 3} days 
in the tube and about the tenth day implants itself in the uterine wall, 
which has been preparing to receive it. The age of the youngest human 
embryo (Hertig-Rock 7699) is estimated at 11 days. A 12-day 
embryo (Hertig-Rock 7700) is illustrated in Fig. 4F. 


Germ layers. The embryonic disc (Fig. 4H) consists of a circular 
area in which the floor of the amniotic cavity and the roof of the 
yolk sac are in contact. The upper layer, continuous with the wall 
of the amnion, consists of ectoderm and chorda-mesoderm; the lower 
layer, continuous with the wall of the yolk sac, is endoderm. A prim- 
itive streak is formed much as in the chick. Along this line the 
chorda-mesoderm turns in and swings out between the ectoderm and 
endoderm, in probably the same manner as in the chick embryo. 


Formation of the body. Neural folds make their appearance (Fig. 
4I) and unite to form a neural tube (Fig. 4J, K). The body is 
elevated above the yolk sac by head, lateral, and tail folds. Somites 
are formed from the mesoderm next the notochord (Fig. 4J, K). 


Amnion and allantois. As the body increases in length, the amni- 
otic cavity enlarges until the anterior and posterior ends arch around 
the embryo to meet on the ventral side, enclosing the yolk stalk (plus 
some embryonic connective tissue formed from mesoderm) and thus 
giving rise to the umbilical stalk, which connects the embryo with 
the chorion (Fig. 4D, M). 

Meantime a rudimentary allantois has grown part way down the 
umbilical stalk. The allantoic blood vessels, however, continue all 
the way to the chorion, where they branch out to form a vascular area. 


Placenta. As the embryo enlarges, its membranes also increase 
in size, and soon the embryonic complex bulges out from the uterine 
wall (Fig. 42). It is still covered with a thin layer of uterine cells 
and remains attached to the uterine wall by a circular area known 
as the placenta (Fig. 4Z, N). It is this area which is supplied by 
the allantoic Comoiicnl) blood vessels. Here the maternal and 
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embryonic blood streams are brought close together and substances 
diffuse from one to the other. This is the region where oxygen and 
carbon dioxide are interchanged, and here the embryo receives its 
food, predigested by the mother. 


Fetus. By the end of the second month the embryo has quite 
definitely taken on the characteristics of the human species and is 
known hereafter as the fetus. From this time on, its developmental 
history is mainly one of growth while the final details of develop- 
ment proceed (Fig. 4N). At the tenth lunar month (280 days) 
the intra-uterine development is completed and the fetus is delivered 
from the body of the mother (parturition or birth). 


Extra-uterine development. Like all mammals, the human infant 
is still dependent upon the mother for nourishment after birth. It 
is in the human species, moreover, that parental care is carried to 
the greatest extreme. Development continues long after birth, e.g., 
the replacement of the teeth and the “ knitting ” of the bones. Sexual 
maturity (puberty) is not attained until the age of 12-15 in females, 
and 13-16 in males. Growth continues into the third decade. 


SUMMARY 


The egg of the amphioxus is small and contains a small amount 
of yolk which is evenly distributed. The egg is fertilized externally 
and develops entirely in a watery medium. The embryo hatches 
at a very early stage in the life history, and spends a considerable 
time in a form and mode of life unlike those of the adult. This 
larval period is succeeded by a slow metamorphosis. 

The egg of the frog is larger than that of the amphioxus, contains 
relatively a large amount of yolk concentrated in the lower hemi- 
sphere, and is protected by egg envelopes. Fertilization is external 
but controlled through a sexual embrace. The embryo develops in 
water and after hatching soon assumes an appearance and activities 
quite unlike those of the adult. This larval period is terminated by 
a sudden metamorphosis associated with a change to terrestrial con- 
ditions. 

The egg of the chick is enormous because of the great amount of 
yolk and the albumen enclosed within the shell. Fertilization is 
internal and prior to the formation of the albumen and shell. De- 
velopment is very rapid and accompanied by the development of 
- an amnion or water bath, and an allantois which serves as an extra- 

embryonic bladder, lung, and albumen sac. These features are corre- 
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lated with the terrestrial environment of the developing egg. Eggs 
of this type are termed “ cleidoic ” or enclosed (Needham). 

The human egg is very small owing to the small amount of con- 
tained yolk. Fertilization is internal, and the developing egg soon 
implants itself in the wall of the uterus where its later development 
takes place. The early stages of development are passed through 
very rapidly, and the blastula and gastrula are quite unlike any 
seen in other classes of vertebrates. An amnion is formed around 
the developing embryo, and this structure is concerned in the forma- 
tion of an umbilical cord connecting the embryo to the placenta, a 
disc-shaped organ of maternal and fetal origin. The placenta serves 
as an organ of interchange between mother and young up to the 
_time of birth. Development continues long after this event. 


CHAPTER 3 
GERM CELLS 


The germ'with which the development of the vertebrate commences 
is the fertilized egg, or zygote. Before discussing the development 
of the zygote, it is advisable to examine the gametes, egg and sperm, 
whose union results in its existence. 


THE GAMETES 


Vertebrates are characterized by the bisexual method of repro- 
duction, in which there are two distinct sexes: the female, or egg- 
producing individuals, and the male, or sperm-producing individuals. 
Among the protochordates (tunicates) we find groups in which the 
same individual produces both eggs and sperms. Such individuals 
are called hermaphrodites. This phenomenon is rare among the 
vertebrates and is not typical of any species. 

The two kinds of gametes, eggs and sperms, differ from each other 
in appearance, size, and structure. These differences will be more 
apparent after a brief review of cell structure in general. 


STRUCTURE OF THE CELL 


A. Nucleus (composed of karyoplasm). 
1. Reticulum (composed of chromatin). 
2. Karyolymph (nuclear sap). 
3. Nucleolus (plasmasome). 
4. Nuclear membrane. 
B. Cytosome (composed of cytoplasm). 
1. Hyaloplasm (ground protoplasm). 
2. Centrosomes (centrioles). 
3. Mitochondria (chondriosomes). 
4, Golgi bodies (dictyosomes). 
5. Plastids (not found in animal cells). 
6. Metaplasm (relatively lifeless accumulations). 
7. Plasma membrane. 
C. Envelopes or matrix (cell wall). 


The cell. The familiar definition of a cell (Fig. 5) is “a mass of 
protoplasm, containing a nucleus, both of which have arisen by the 
division of the corresponding elements of a pre-existing cell.” Proto- 
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plasm in this sense refers to the living substance of the cell, including 
the material both inside the nucleus and in the cell body or cytosome. 
It is customary to use the term karyoplasm (nucleoplasm) for .the 
nuclear protoplasm and the word cytoplasm for the protoplasm of 
the cell body. Some writers employ only the words nucleus and 
cytoplasm to distinguish between nucleus and cell body. 


Golgi bodies 


Centrosomes 
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Nuclear 
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Fig. 5. Diagram of a composite cell. (After Wilson.) 


The nucleus. The cell nucleus is generally a rounded body sep- 
arated from the cytosome by a delicate nuclear membrane. Within 
this is a transparent ground substance known as the karyolymph 
or nuclear sap. But the characteristic substance of the nucleus is 
its chromatin, a substance staining sharply with basic dyes, and 
arranged usually in a network of threads called the reticulum (Sharp). 
Sometimes swellings, chromomeres, are apparent at the nodes of the 
network. The nucleus usually contains a smaller body known as 
the nucleolus, a droplet of some material heavier than the’ nuclear 
sap, but staining with acid dyes. Its staining properties alter dur- 
ing cell division. 

The nucleus may fragment to form polynuclear cells. It may 
also divide, often many times, while the cell body remains undivided, 
resulting in the formation of a syncytium. Sometimes the nucleus 


THE CYTOSOME 25 


. 


may be ejected to leave enucleate cells such as the red blood corpuscles 
of mammals. But in general every cell has. one nucleus, 

The type of nucleus here described is known as the vesicular type. 
There is distinguished also the massive or compact type of nucleus, 
in which the chromatin forms apparently a solid mass, as in the 
sperm cell. Then there is a diffuse type, in which the nuclear mem- 
brane is absent and the chromatin is scattered through the cell body 
in granules called chromidia. 


The cytosome. The cytoplasm of the cell body includes an outer 
delicate semipermeable membrane known as the plasma membrane. 
This is the surface at which the protoplasm of the cell is in contact 
with its environment. Within this is the liquid ground substance 
or hyaloplasm, in which are distributed a number of differentiated 
bodies. Of these cytoplasmic inclusions the more important seem 
to be the centrosomes, mitochondria, and Golgi bodies, all of 
which appear to have the properties of independent growth and 
division. 

The centrosomes (centrioles), small spherical bodies, one or two 
in number, lie near the nucleus. They seem to be concerned in 
the process of cell division. In cells with locomotor organs, like 
the tail of the sperm, the centrosomes are connected with the con- 
tractile element of the cell. ; 

The mitochondria (chrondriosomes) are small rods, or granules, 
very numerous and scattered through the cytoplasm. They are 
dissolved by many common methods of preparing cells for observation, 
but can be demonstrated in the living cell by a stain called Janus 
Green B. They are preserved by special chemicals, e.g., osmium 
tetroxide. 

The Golgi bodies (dictyosomes) are sometimes scattered through 
the cytoplasm but often aggregated into a network, the Golgi ap- 
paratus. Some authors deny that there is a real structure of Golgi 
bodies and speak therefore of the Golgi material or the Golgi zone. 
Other investigators have sought to identify these bodies with the 
plastids and other cytoplasmic elements which are found in plant 
cells. Golgi bodies are hard to identify in living cells but can be 
demonstrated by special techniques involving the use of osmium 
tetroxide or silver nitrate. Their function is doubtful, but there is 
some reason to believe that they are concerned with the elaboration 
of substances within the cell such as enzymes. 

Still another type of inclusion in the cytosome is represented by 
the plastids. These bodies, e.g., chloroplasts, the chlorophyll bodies, 
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which appear to have the capacity of independent growth and divi- 
sion, are found in plant cells. 

Metaplasm is the name given to all those bodies in the cytoplasm 
which clearly do not possess the properties of independent growth 
and division. These may be aggregated in vacuoles or distributed 
in tiny droplets, granules, etc. Among these are such bodies as 
secretory granules, intermediate stages in the production of cell secre- 
tions (enzymes, etc.). Storage granules are end stages in the ac- 
cumulation of such reserve food materials as yolk, oil, and starch. 
Here also we may include the minute pigment granules. Embry- 
ologists sometimes use the term deutoplasm for reserve food materials 
in the cell. 


The cell wall. In concluding this brief review of cell structures 
we must recall that the cell may secrete a wall around itself such 
as the vitelline membrane. In some tissues the individual cells form 
a common matrix such as the intercellular substance of cartilage or 
bone. 


The sperm. The male germ cell of vertebrates is a very minute 
flagellate cell ranging in size from 0.020 mm. (crocodile) to more 
than 2 mm. (Dvzscoglossus, an amphibian). The general shape is 
that of a tadpole with an excessively long tail, but there are sufficient 
differences among these tiny cells for them. to be identified by 
specialists. oe 

The sperm (spermatozoon) consists of a head and a tail (Fig. 6). 
Some sperms, e.g., human, have a short neck between the head and 
tail. The head contains the nucleus, which is compact and stains 
very deeply with basic dyes. Here also is the acrosome, usually at 
the apical end, originating from Golgi bodies, possibly connected 
with the production of some secretion involved in fertilization. The 
head is surrounded with a delicate plasma membrane. 

The tail consists of three divisions: middle piece, main piece and 
end piece. The middle piece contains two centrosomes; the one nearer 
the head is called the proximal centrosome, the one farther from the 
head the distal centrosome. These bodies are so minute that great 
differences of opinion have been expressed as to their number and 
position in the various types of sperm. They have also been confused 
with other small bodies such as the “neck bodies” of the human 
sperm. The axial filament arises in the middle piece of the sperm 
apparently from the proximal centrosome and passes through the ring- 
shaped distal centrosome. Surrounding the axial filament in the 
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middle piece are granules of mitochondrial origin. Outside all these 
is a plasma membrane. The main piece, as the name implies, is the 
longest part of the tail and consists of the axial filament and plasma 
membrane. The end piece is the terminal region in which the naked 
axial filament projects beyond the limits of its sheath. 
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Fic. 6. Diagram of a human sperm. (After Gatenby.) 


Abnormal giant or dwarf sperms occur in some individuals. Later 
we shall-see that there are always (except in birds and some fish) 
two classes of sperms, which are respectively male-producing and 
female-producing. These are not visibly different as a rule. 


SPERM OF THE AMPHIOXUS 


The sperm of the amphioxus (Fig. 7A) is the smallest recorded 
among chordate animals. Its total length varies from 0.016 to 
0.021 mm. (Sabotta). The spherical head is not more than 0.001 mm. in 
length, the size of a yolk granule. There is a minute bead-like 
acrosome. What appears to be a rounded middle piece pressed 
against the head is followed by a very slender main piece. The end 
- piece is not distinguishable. The length of life of the sperm has 
not been recorded. 


Fic. 7. Typical-sperms. A, amphioxus. (After Ballowitz.) B, frog. C, fowl. 
D,man. X4000. 


SPERM OF THE FROG 


The sperm of Rana pipiens (Fig. 7B) averages about 0.03 mm. in 
length after fixation. The head is long and cylindrical, surmounted 
by a bead-like acrosome. The tai! originates in a short middle piece, 
and has a long main piece indistinguishable from the end piece. No 


records on the length of life for sperm of this species have been dis- 
covered. | 


SPERM OF THE FOWL 


The sperm of the domestic fowl (Fig. 7C) averages approximately 
0.05 mm. in length after fixation. The head is long and cylindrical 
and surmounted by a sharp recurved acrosome. Adamstone has 
described the presence of lipoidal bead-like structures in the head of 


the sperm which he considers to be in the nature of reserve food — 
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supply. The middle piece is long and merges into the main piece, 
which is relatively stout and terminates in a short end piece. 

The sperms of the fowl retail their fertilizing power in the oviduct 
of the hen for about two weeks on the average, with a maximum 
recorded life of a month. 


HUMAN SPERM 


The human sperm (Figs. 6, 7D, 7D1), studied by many investi- 
gators, contains ten parts (Gatenby and Aykroyd, 1940). It averages 
0.055 mm. in length. The acrosome, fitting over the nucleus like a 
cap, is flattened to a shovel shape at the anterior end. The nucleus 
is oval and contains a small vacuole. At its posterior end it is cov- 
ered by a postnuclear cap which joins the acrosome to surround the 
nucleus completely. The short, constricted neck contains two or 
more neck bodies. The middle piece is well developed, with a 
centrosome at either end, and contains mitochondrial granules. A 
long main piece and short end 
piece are present. 

Recent investigators con- 
clude that the length of life of Ax 
the sperms in the oviducts does Ls 
not exceed a week, with an fe 
even shorter period of fertiliz- ae, 
ing capacity. In the monkey 
(Macacus) Hartman has 
shown that the sperms survive 
for but a few days. 


The egg. The female germ 
cell (Fig. 8) is extremely 
large, protected by envelopes fyg. 8, Egg of the cat (after Dahlgren and 
of various kinds, containing ~ Kepner.) 
reserve food material, and 
without power of locomotion. The size range in vertebrates lies 
between 0.06 mm. (mouse) and 85 mm. (ostrich). The latter figure 
is the diameter of the egg without shell or albumen, which are egg 
envelopes. Even larger eggs existed in the past; e.g., in an extinct 
species of birds (Aepyornis) the fossil eggshells are 13 by 9 inches and 
have a capacity roughly of a gallon. The shape of the egg varies 
from spherical to oval. 

Prior to its maturation the egg contains a large vesicular nucleus. 
The cytoplasm often appears to be even larger in proportion, but 
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this is due to the great amount of metaplasm present. Centrosomes 
are present before maturation. Mitochondria and Golgi bodies have 
also been identified. The color of the egg is caused by the presence 
of pigment granules in the cytoplasm. 


Yolk. The bulk of the egg is due to the presence of metaplasm 
in the form of yolk. This substance contains the principal food- 
stuffs for the developing embryo. Studies on the yolk of the hen’s 
egg indicate that it contains water (50 per cent), proteins, fats, 
carbohydrates, inorganic salts, vitamins, pigments, and enzymes 
(Needham). 

The yolk is present in the form of spheres, ovoids, or discs, which 
stain usually with basic dyes. The yolk tends to accumulate in one 
hemisphere of the egg, forcing the nucleus into the other. Since 
the yolk is heavier than the other constituents of the egg, the yolk- 
laden hemisphere is the lower one when the egg is suspended in water. 
In large-yolked (macrolecithal, megalecithal) eggs, such as those 
of the frog and chick, the accumulation of the yolk in one region is 
so marked that they are known as telolecithal eggs. In small-yolked 
(microlecithal, oligolecithal) eggs, like those of the amphioxus and 
of man, the yolk is distributed more generally and they are called 
isolecithal (homolecithal). 


Polarity. Even in isolecithal eggs there is a visible distinction 
between the two hemispheres of the egg, so that an axis exists from 
the center of one hemisphere to that of the other. This, known as 
the polar axis, is the earliest indication of a differentiation in the egg. 
The two ends of the axis are known as the poles. The polar bodies, 
referred to in the preceding chapter, are formed at one of these 
which is known as the animal (apical) pole. It is sometimes called 
simply the pole. The other is called the vegetal (vegetative, abapical) 
pole, sometimes the antipole. The nucleus always lies in the polar 
axis, more or less towards the animal pole. The yolk shows a grada- 
tion from the animal towards the vegetal pole. We shall observe in 
later chapters that the animal pole often marks the anterior end 
of the developing embryo and in these cases the vegetal pole marks 
the posterior end. There is also reason to believe that the polar axis, 
in addition to being the first expression of symmetry in the egg, marks 
a gradient of metabolism (Child). By this is meant that metabolic 
processes are accelerated at the animal pole and progressively re- 
tarded towards the vegetal pole. 

A considerable body of evidence shows that the animal pole of 
the egg is the one which was most active in physiological exchange 
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with its environment while still in the ovary. It is the pole of the 
egg which is attached to the ovary in the amphioxus (Conklin) and 
the chick (Conklin). 


Egg envelopes. The egg usually possesses, in addition to the plasma 
membrane, a variety of protective envelopes which are divided into 
three classes according to the mode of their formation. Primary 
envelopes are those formed by the egg itself, such as the delicate 
vitelline membrane. The secondary envelopes are those formed by 
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Fie. 9. Egg of Myzine, showing “ chorion ” and micropyle (after Dean). 


the follicle cells which immediately surround the egg in the ovary. 
A good example is the so-called chorion of one of the cyclostomes, 
Myzxine (Fig. 9). It is usually quite difficult to distinguish primary 
from secondary envelopes, and it is probable that many vitelline 
membranes are compound in origin. In those vertebrates in which 
fertilization is external, such as the cyclostomes and bony fish; the 
primary and secondary envelopes are often perforated by openings 
called micropyles, through which the sperm may have access to the 
egg. The tertiary envelopes include all those formed by the walls 
of the oviduct during the passage of the egg. Examples are the egg 
albumen, shell membranes, and shells of such groups as the reptiles, 
birds, and the egg-laying mammals; the egg capsules of the elasmo- 
branchs, and the egg jelly of the amphibia and many bony fish. 
These envelopes are not formed until after fertilization, except in 
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the case of the egg jelly, which does not attain its final thickness 
until after the entrance of the sperm, when it swells by the absorp- 
tion of water. 


THE EGG OF THE AMPHIOXUS 


The eggs (Fig. 10A) are 0.1 mm. in diameter. Before maturation 
the large nucleus is roughly 0.05 mm. in diameter displaced well to- 
wards the animal pole. The cytoplasm consists of a thin outer layer 
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Fig. 10. Typical eggs. A, amphioxus, approx. X70 (after Wilson in Willey). 
B, frog X8. C, hen X# (after Duval). D, human X250 (after Allen in Arey). 


relatively free from yolk and probably containing mitochondria. The 
rest of the cytoplasm contains yolk. There are no egg envelopes ex- 
cept perhaps a vitelline membrane. The egg is classed as isolecithal. 


THE EGG OF THE FROG 


The diameter of the egg (Fig. 10B) is 1.7 mm. (R. pipiens, Wright), 
with a large nucleus before maturation. There is a thin outer layer 
of cytoplasm, containing granules of pigment in the animal hemi- 
sphere. Pigment is also found around the nucleus. The yolk is 
distributed with fewer and smaller platelets in the animal hemisphere, 
grading down to more and larger platelets in the vegetal hemisphere. 
There are a vitelline membrane (primary), “ chorion” (secondary), 


a _ 
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and one to three layers of egg jelly (tertiary). The eggs are dis- 
charged in large masses which adhere to each other by means of this 
jelly. The eggs are classified as telolecithal. 


THE EGG OF THE CHICK 


The hen’s egg (Fig. 10C) is extremely telolecithal. The cytoplasm, 
with the nucleus in its center, forms a small germinal disc upon the 
great mass of yolk. This yolk is arranged in concentric layers of 
yellow and white material around a central mass of white yolk, 
called the latebra (Fig. 11). From this latebra a stalk of white 
yolk (the neck of the latebra) extends upward and spreads outward 
as the isthmus of Pander. The germinal disc rests on this isthmus. 
The yolk and germinal dise are surrounded by a delicate vitelline 
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Fie. 11. Diagram of hen’s egg sectioned (after Adamstone). 


membrane (primary). This in turn is surrounded by the albumen, 
a viscous tertiary membrane twisted spirally from left to right, start- 
ing from the broad end of the egg. The albumen next to the vitelline 
membrane is denser than the outer layers and is prolonged into two 
spirally twisted cords, the chalazae, one at either end of the yolk. 
‘The albumen is in turn’ surrounded by two parchment-like shell 
membranes, of which the inner one is the thinner. These two are 
separated at the blunt end of the egg, thus forming the air chamber. 
The egg shell is a calcareous deposit upon the outer shell membrane. 
Its color is due to bile pigments of the hen. The germinal disc is 
about 4 mm. in diameter, the yolk about 40 mm. The size of the 
egg as a whole varies largely, depending on the amount of albumen 
deposited around the yolk. 

Giant and dwarf eggs are sometimes recorded. In the hen’s egg, 
double- and triple-yolked eggs are known, as well as those which 
have no yolk at all. A very strange abnormality is known as the 
“ovum in ovo,” where one egg is formed around another. The eggs 
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of birds are either male-producing or female-producing, a statement 
based solely on the evidence of genetics as no visible differences 
have been observed. 


< 


THE HUMAN EGG 


As in all placental mammals, the human egg (Fig. 10D) is very 
small, its diameter being about 0.13 mm. No yolk is demonstrable 
in the egg (Gatenby and Aykroyd, 1940). There is a delicate vitel- 
line membrane surrounded by a rather thick zona pellucida, which 
is, at least in part, a secondary envelope. When the egg is first 
discharged from the follicle, the zona pellucida is still surrounded 
by a layer of follicle cells which make up the corona radiata. The 
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Fie. 12. Human egg (ovarian) X200 (after Waldeyer). 


corona soon disintegrates or is stripped off the egg. The work of 
Hartman indicates that the life of the egg, or at least the period 
in which it can be fertilized, does not exceed three days in the 
monkey. 


Eggs and their environment. Needham has recently pointed out 
that eggs differ from one another in respect to the physicochemical 
constitution of the unfertilized egg and the possibility of obtaining 
necessary material from the environment. The marine egg, exem- 
plified by the amphioxus, develops in a medium containing oxygen 
and inorganic salts. The egg is organized in such a manner as to 
facilitate the exchange of materials with the environment. The yolk 
is small in amount and (to judge from analyses made on marine 
fish) relatively poor in fats and inorganic salts. Development is 
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rapid up to the hatching stage, but thereafter the larva takes a long 
time to attain its full size and sexual maturity. 

The egg which develops in fresh water, like that of the frog, does 
not have a medium s0 rich in salts as the marine egg. It is there- 
fore originally equipped with a larger store of this material. But 
the aqueous medium still affords facilities for the exchange of carbon 
dioxide and oxygen and for the disposal of nitrogenous wastes. The 

jelly with which the frog’s egg is provided consists almost entirely 
of protein and water. Diffusion takes place through it readily, and 
it affords protection against mechanical injury and bacterial in- 
fection, and also furnishes a source of nourishment immediately 
after hatching. 

The terrestrial (cleidoic) egg, such as the hen’s, stands easily 
first in respect to the amount of yolk present. The ratio of fat 
to protein in the yolk is also the highest. It is obvious that the egg 
must contain all the material necessary for growth except free oxygen 
and water, for these are the only substances passing from the atmos- 
phere through the protective envelopes of the egg. Hence, as pointed 
out by Milnes-Marshall, except in the earliest stages the chick develops 
more rapidly than the amphioxus and attains its adult form in a much 

shorter time. The egg albumen, also a source of food, is a watery 
solution of protein with some carbohydrates. As we shall see in 
later chapters, the relative isolation of the embryo in the cleidoic 
egg is correlated with the development of its extra-embryonic sacs, 
i.e., the amnion, or water bath, and the allantois which serves in 
the first instance to store nitrogenous wastes. 

The intra-uterine egg, typical of the mammals, is characterized 
by little yolk, for, from a very early period, its nourishment is de- 
rived exclusively from the body of the mother. Accordingly there 
is a precocious separation of a special layer, the trophoblast, con- 
cerned with implantation, and later the development of a special organ 
of interchange, the placenta. 


Comparison of the egg and the sperm. Both gametes are morpho- 
logically complete cells. Each has a nucleus and a cytosome contain- 
ing representatives of the centrosomes, mitochondria, and Golgi bodies. 
Each has a plasma membrane. Yet neither is capable of independent, 
continued existence, for physiologically they are unbalanced. The 
egg is large, inert, contains a vast store of metaplasm, is protected by 
egg envelopes, and has lost the power of continued division. The 
sperm is small, highly motile, contains little cytoplasm and no 
metaplasm, is devoid of protective membranes, and in itself has lost 
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the power of continued division. 


GERM CELLS 


We shall now turn to the study 


of the development of the germ cells and see how the structural dif- 


ferences, at least, arise. 


< 


CoMPARISON OF THE VERTEBRATE EGG AND SPERM 
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GAMETOGENESIS 


Gametogenesis is the term applied to the history cf the gametes — 
their origin and development (Fig. 13). The special history of the 
male gametes is called spermatogenesis, of the female gametes, odgene- 
sis. ‘ 


The origin of the germ cells. Weismann is responsible for a theory 
that the germ cells separate completely from all the other cells of 
the body (soma cells) at a very early stage in development. There 
is some evidence for this in the embryology of a few invertebrate 
animals such as Ascaris, a parasitic roundworm. In the very first 
cleavage of the fertilized egg, the two daughter cells show a striking 
difference, for when one of the daughter cells divides it retains all 
‘the chromatin of its nucleus, whereas the other gives up a portion of 
this material to the cytosome. This phenomenon has been called 
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Fic. 13. Diagram of gametogenesis: male on left, female on right (after Wilson). 
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chromatin diminution, and the cell showing this characteristic be- 
comes a soma cell. The other is known as a stem cell (Fig. 14), 
and in its division it produces in turn one cell which will be a soma 


Fra. 14. Origin of stem cells in Ascaris. A, first cleavage. B, C, and D, second 
cleavage. P, and Pyare stem cells. 8; (which gives rise to A and B) and S. are soma 
cells. (From Richards after Boveri.) 


cell and one which will be a germ cell. 


rise to two identical cells, both of which are germ cells. These are 
known as primordial germ cells, and, from this time on, they and 
their descendants produce germ cells only. 


Eventually a stem cell gives 
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This theory of the distinction between germ cells and soma cells 
has held an important place in the history of biology because it seemed 
to deny the possibility of the inheritance of characteristics acquired 
after fertilization. In other words, the characteristics would be ac- 
quired by the soma cells, whereas inheritance is a function of the germ 
cells which are entirely distinct, according to the theory of Weismann. 
This argument has been weakened by the evidence that the nuclei of 
all cells are identical, at least in early cleavage, and the belief of 
many investigators that in the mammals, at least, the primordial 
germ cells degenerate without leaving descendants, and that the 
functional germ cells arise from epithelial cells of the gonads. 


Germ cell Primordial 
A determinants B germ cells C 


Fic. 15. Germ cell determinants and primordial germ cells in the frog. A, fertilized 
egg. 8, four-cell stage. C, blastula. (After Bounoure, 1939.) 

Primordial germ cells. Bounoure (1939) claims to have identified 
stem cells in cleavage stages of the frog (Fig. 15), but in all other 
vertebrates the germ cells are first recognizable in the lining of the 
gut at a very early stage of development. These primordial germ 
cells, as they are called, are distinguishable by their large size, clear 
cytoplasm, and heavily staining nucleus (Fig. 16). From the gut 
wall they migrate into the mesentery suspending the gut from the 
roof of the coelom, and thence to the wall of the coelom. Here 
they multiply rapidly and produce two longitudinal ridges, which 
are the primordia of the sex glands, or gonads. 


The gonia. There are two opinions concerning the fate of the pri- 
mordial germ cells in vertebrates: one that they give rise to all 
the later generations of germ cells; the other that they degenerate 
and the later germ cells arise independently from the tissue of the 
gonads. In any case, the germ cells which continue to multiply ac- 
tively in the gonads are known as gonia: spermatogonia if they are 
to give rise to sperm, odgonia if they give rise to eggs. 


40 GERM ‘CELLS 


Mesonephric duct 


Primordial 
germ cell 


Dorsal mesentery 


Fig. 16. Primordial germ cells in the frog (Rana sylvatica). Part of transverse 
section through 10-mm. larva, showing coelomic roof, X375. (After Witschi.) 


The cytes. When the individual becomes sexually mature, indi- 
vidual gonia undergo a period of growth, after which they are known 
as cytes (auxocytes, meiocytes): spermatocytes if male, odcytes if 
female. The cyte (Fig. 17) is a large cell with a vesicular nucleus, 
two centrosomes surrounded by a clear area sometimes known as 
the idiosome, which is in turn sur- 
rounded by a layer of Golgi bodies, 
and a cloud of mitochondria. 


Nucleus The maturation divisions. Each 
eae cyte gives rise to four daughter cells 
She Golei beaies by means of two cell divisions. 
Centrosomes These divisions are unique be- 


cause of certain internal phenomena 
Fic. 17. Diagram of anearly cyte | and are known as the maturation 
(auxocyte): (After Wilson.) divisions. The nature of these 
leet, Ac divisions will be discussed in more 
detail in later pages. Meantime we note that the spermatocyte gives 


rise to four cells of equal size, the spermatids, each of which will be 


transformed into a sperm. The odcyte, on the contrary, gives rise, 
by the first maturation division, to two cells, one of which is very 
minute, the first polar body (polocyte I). The larger cell under- 
goes a second unequal division, resulting in the production of a second 
polar body (polocyte II) and the mature egg or ovum. Sometimes 


the first polar body also divides, in which case four cells (odtids) may 


be produced by the odcyte. 


oud 
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STaGEs IN GAMETOGENESIS 
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Spermatogenesis. The male cyte (primary spermatocyte) is a 
large cell containing a large vesicular nucleus, more or less excentric. 
In the human spermatocyte (Fig. 18A), according to Gatenby and 
Beams, the idiosome and Golgi bodies form a complex body lying 
next to the nucleus. This Golgi-idiosome complex consists of an inner 
chromophobiec mass, surrounded by an outer chromophilic layer. 
Within the chromophobic mass are the two centrosomes, and a number 
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Fic. 18. Transformation of the spermatid into the mature sperm. A, spermatocyte. 
B, C, D, E, spermatids. F, immature sperm. G, mature sperm. (After Gatenby 
and Beams, 1935.) 
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of proacrosomiec granules, each in a tiny vacuole. Throughout the 
cytoplasm are numerous granular mitochondria. 
_ At the end of the two maturation divisions the mitochondria and 

Golgi bodies are diffuse (Fig. 18B). Soon the proacrosomic material 
-is condensed to form a proacrosome bead in a vacuole surrounded 
by a chromophilic sheath (Fig. 18C). The centrosomes are near 
the plasma membrane at first. They give rise, apparently together, 
to the axial filament which penetrates the plasma membrane of the 
spermatid. Thereafter they separate, and the distal centrosome 
forms a ring around the axial filament. A little later they move 
towards the nucleus, which now shows the beginning of the post- 
nuclear cap (Fig. 18D) on the side opposite the Golgi-idiosome com- 
plex. The mitochondria are thickest in the centrosomal side of the 
spermatid. 

In a later stage in the transformation of the spermatid (spermio- 
genesis, spermioteleosis), the nucleus condenses (Fig. 18#), the 
acrosomal bead spreads over its anterior surface to form the acrosome. 
The remainder of the Golgi complex drifts down the side of the 
nucleus to form the Golgi remnant. Meantime the postnuclear cap 
is enlarging, the distal or ring centrosome has enlarged, the axial 
filament is greatly lengthened, and the cell has become an elongate 
body with the nucleus at the proximal end. 

The immature sperm, as we may now call it, attaches itself to a 
Sertoli or nurse cell at the proximal end, while all the cytoplasm 
gathers at the distal end (Fig. 187). The distal (ring) centrosome 
slips down the axial filament to mark the posterior end of the future 
middle piece. Around the axial filament, between the two centrosomes, 
there is an aggregation of mitochondria. 

Finally the cytoplasmic mass, including the Golgi remnant and 
numerous mitochondria, is sloughed off to leave the ripe sperm 
(Fig. 18@). 


Odgenesis. The female cyte or primary odcyte is very like the 
primary spermatocyte. But the period of growth prior to the matura- 
tion divisions is prolonged while large amounts of yolk are formed. 
The nature of the maturation divisions (Fig. 19) also is different, 
for the first, instead of giving rise to two secondary odcytes of equal 
size, produces one very large cell and one excessively minute. In 
the second division the large secondary odcyte again divides into one 
large cell and one tiny cell, while the small secondary oécyte may or may 
not divide into two equal cells. In this way four (or three, if the 
smaller secondary odcyte fails to divide) odtids are produced, of which 
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the single large cell is the ovum, the smaller ones being known as 
polocytes. They are incapable of fertilization and degenerate. As 
they are formed at the animal pole of the egg, they are often known 
as the polar bodies and are of practical value in orienting the egg. 


Polocytes 
L\ 


Fic. 19. Maturation divisions in egg of guinea pig. A, first maturation division. 
B, fertilization. C, second maturation division. (After Lams.) 


We shall defer to a later section an account of the details of the 
maturation divisions, remarking here only that the principal nuclear 
result is that the chromatin is sorted out into unlike nuclei. The 
centrosomes are often difficult to find in the primary odcyte and have 
not been found in the ovum. The idiosome and the mass of mito- 
chondria are often associated in a yolk-nucleus-complex. During 
the maturation divisions a large amount of nuclear material is cast 
out into the cytoplasm. 

Unlike the male gametes, whose maturation is completed within 
the testis, the odcytes do not complete their maturation until after 
leaving the ovary, and, in vertebrates at least, the second division 
is not completed until after the entrance of the sperm. 


FERTILIZATION 


The union of the two gametes, egg and sperm, to form a fertilized 
egg (zygote) is known as fertilization (syngamy). Prior to the 
actual union of the gametes are two preliminary processes, the dis- 
charge of the egg from the ovary (ovulation) and the discharge of 
the sperms (ejaculation). 


Ovulation. Within the ovary the vertebrate egg is surrounded 
by nurse cells which make up a nest or follicle (Fig. 20). Within 
this it enlarges and may undergo its first maturation division. Peri- 
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odically, varying from once a year in most vertebrates to once a 
month in the human species, or daily in the domestic fowl, eggs are 
discharged from the ovary. In numbers this discharge varies from 
a single egg as in man or the fowl to thousands in the frog or millions 
in many fish. 

The factors bringing about 
ovulation are diverse. In the 
frog it has been shown by Rugh 
Follicle cells (1935) that ovulation is brought 
about by the contraction of a 
thin muscular layer in each 
follicle, aided by an enzyme 
which digests the outer wall of 
the follicle and thereby weakens 
it. In mammals a follicular 
fluid is secreted about the egg, 
enlarging the follicle until it 
Fia. 20. Transverse section through part protrudes from the surface. 

of frog ovary. X95. Finally the outer wall of the 

follicle, now very thin, ruptures, 

owing perhaps to factors similar to those acting on the frog’s egg. It 

has been shown in many vertebrates that ovulation can be induced at 

any time by means of a hormone secreted by the anterior lobe of the 
pituitary gland. 


Wall of ovary 


Oviposition. From the ovary the eggs are caught up in the open 
end of the oviduct, down which they pass to the exterior. In many 
aquatic forms they are discharged directly. In others they accumulate 
in an enlarged portion of the oviduct known as the uterus, awaiting 
discharge from the body; such animals are known as oviparous (am- 
phioxus, frog, chick). In still others the egg remains in the uterus 
until development has reached an advanced stage; these are the 
viviparous animals (man, etc.). 

Many zoologists use the term ovoviviparous for such vertebrates 
as certain snakes, in which the egg remains for some time in the 
uterus while the young develop within the egg envelopes. The young 
snakes hatch from the egg while still inside the body, from which they 
are discharged at a later date. 


Ejaculation. This term is applied to the discharge of the sperms. 
These cells remain in the testis (Fig. 21) until mature, often at- 
tached to nurse cells. When discharged they pass through tubules 
of the testis which lead directly to a sperm duct. They become 
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motile upon reaching the medium in which fertilization takes place. 
Enormous numbers are produced at a single discharge (over 200 ,000,- 
000 in man). 

In aquatic animals such as the amphioxus and fish the two sexes 
congregate together at the breeding season, and eggs and sperms are 
discharged together. Some aquatic animals even have copulatory 
organs which introduce the sperms into the oviduct, bringing about 
internal fertilization. In the frog, the males and females unite in 
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Fig. 21. Section through part of frog testis. 200. 


pairs (amplexus), thus ensuring that the sperms are discharged simul- 
taneously with the eggs so that fertilization, although external, is 
regulated. In all terrestrial vertebrates fertilization is internal. 


Fertilization. The actual fertilization of the egg (syngamy) has 
been observed in the amphioxus and the frog, but our detailed knowl- 
edge of the process is obtained from the study of such marine inverte- 
brates as the sea urchin. The essential feature of fertilization is 
the entrance of a single sperm into the egg and the coming together 
of the two nuclei (pronuclei) (Fig. 22). But this phenomenon is 
preceded by other events concerned in bringing the sperm to the egg. 


Attraction. One of the factors believed to bring the sperm towards 
the egg is an attraction (chemotaxis) caused by the emission of 
some chemical substance by the egg or the female sex organs. It 
‘is known also that sperms swim in a spiral path, and that when they 
come in contact with a solid object they remain in contact with it 
(thigmotaxis). If the spiral brings a sperm obliquely towards the 

egg the contact flattens out the spiral, causing the sperm to remain in 
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Fig. 22. Diagram to show fertilization of the egg. A, fertilization cone. B, pene- 
tration path. C, female copulation path and rotation of sperm head. D, male 
copulation path. #, cleavage path. F, first cleavage. 


contact without penetration. But if the sperm arrives at the egg 
in a radial direction penetration is facilitated. Lillie has shown that 
the sea-urchin egg emits a secretion (fertilizin), which brings about 
a temporary and reversible adhesion of the sperm heads in clusters 
(agglutination). Fertilizin is produced only after the egg is mature’ 
and before it is fertilized. 


Penetration. The sperm bores its way through the egg envelopes 
but then apparently comes to rest against the plasma membrane. In 
the eggs of some invertebrates there has been observed at the surface 
of the egg a cone or even a long filament of cytoplasm which comes 
in contact with the sperm head. It then retracts, drawing the sperm 
to the egg and engulfing it (Fig. 22A, B). Thereafter, and com- 
mencing at the point where the sperm head was engulfed, a thin mem- 
brane, known as the fertilization membrane, is formed, apparently 
from the outer surface of the vitelline membrane. In older days, 
when it was thought that the sperm bored its way into the egg, it 
was believed also that the fertilization membrane acted as a bar to 
_ other sperms. Apparently the elevation of the membrane is due 
- to the secretion of some fluid from the egg, which decreases in diam- 
eter at the same time. Okkelberg describes a loss of 14 per cent in 
the volume of the egg of the brook lamprey. The formation of this 
membrane with its perivitelline fluid underneath marks the successful 
fertilization of the egg. For example, the fertilized frog’s egg will 
rotate within this membrane. 
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The pronuclei. After the second maturation division, which does 
not take place in vertebrates until after the entrance of the sperm, 
the nucleus of the ovum (female pronucleus) is near the periphery 
at the animal pole, while the nucleus of the sperm (male pronucleus) 
is at the periphery near the point of penetration. The sperm head 
rotates 180° so that the male pronucleus now lies distal to the middle 
piece containing the centrosome (Fig. 22C). The two pronuclei come 
together (Fig. 22D, E) by a route which may be analyzed into the 
following components: *(1) the sperm penetration path, which is 
usually the radius of the egg at which the sperm entered; (2) the 
sperm copulation path, which is directed towards the point at which 
the pronuclei will meet and is often at a considerable angle to the 
penetration path; (3) the egg copulation path, along which the fe- 
male pronucleus moves towards the meeting point; and (4) the 
cleavage path (Fig. 22F), along which the two pronuclei move to 
their final position on the egg axis, often slightly nearer the animal 
pole. The two pronuclei may unite to form a common cleavage nu- 
cleus, or they may remain close together and contribute independently 
to the first nuclear division of the zygote (Fig. 22F). See also 
Chapter 17. 

The centrosome of the egg disappears after the second maturation 
division. The centrosome of the zygote, therefore, is either the centro- 
some of the sperm or, as it is believed in some cases, a new one 
developed in the egg cytoplasm near the engulfed sperm head. 

The mitochondrial material of the sperm fragments and is dis- 
tributed throughout the cytoplasm of the zygote. The later history 
of the acrosome has not been followed. 

There is much divergence among different kinds of animals with 
respect to those parts of the sperm which are actually engulfed in 
the egg. In some, it is the entire sperm; in others, only the sperm 


head. 


Organ-forming areas. In many different kinds of eggs, the student 
of cellular embryology has been able to recognize different regions 
by differences in the cytoplasm, such as the presence or absence of 
pigment, mitochondria, yolk, etce., and to trace the distributions of 
these materials into the different daughter cells as cleavage takes 
place. These organ-forming areas, as they may be called, are 
usually more easily demonstrated after fertilization. For example, 
before fertilization the living egg of the tunicate Styela (Fig. 28), 
according to Conklin (1905), has yellow pigment granules uniformly 
distributed in its outer layer of cytoplasm. During fertilization, 
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following an intricate series of stream movements, the yellow pigment 
is concentrated in a crescentic area at what will later be the posterior 
surface. On the opposite side of the egg at what will become the 
anterior surface is a gray crescent. Below these crescents the vege- 
tal hemisphere is marked by the presence of yolk granules. In later 
cleavage, the yellow crescent will be distributed to the cells which 
form the mesoderm of the tail, the gray crescent to the cells which 
form the notochord and the neural plate, the yolk to the cells of the 
endoderm, and the remainder of the egg goes to the cells of the 
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Fig. 23. Organ-forming areas in tunicate eggs. A, fertilized egg of Styela, from | 
left side (after Conklin). B, unfertilized egg of Ascidiella, from right side. (After | 
Vandebroek in Daleq.) Approximately 250. 


epidermis. These results have been confirmed and extended by Vande- | 


broek (1937) through the use of vital stains applied to the unfertilized 
ege (Fig. 23B). 


Parthenogenesis. This term is applied to the development of a 
new individual from an unfertilized egg. It does not occur naturally 
among the vertebrates but may be illustrated by the honey bee, in 
which the unfertilized egg develops into a male (drone) and the 
fertilized egg becomes a female (either queen or worker according to 
the type of food supplied). 

Artificial parthenogenesis has been induced in the eggs of many 
invertebrate animals by various means. Among vertebrates, fish, 
amphibia, and mammals have been the objects of successful experi- 
ments. The frog’s egg has been used by a number of investigators. 
Parmenter (1940), who induced development by smearing the egg 
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with frog’s blood and then pricking it with a fine needle, reports on 
619 pricked eggs. Of these 546 formed the second polar body, 63 
underwent cleavage, and 4 developed to the tadpole stage. A few 
parthenogenetic eggs have been reared to the adult stage (Loeb), 
out of many thousands experimented upon. Pincus (1940) has in- 
duced development in the rabbit’s egg by the use of very low tem- 
peratures. 


FERTILIZATION OF THE AMPHIOXUS EGG 


In the amphioxus, fertilization is external. The males and females 
leave the sands to swarm in the shallow waters during late afternoons 
of spring and summer. Eggs and sperms are discharged, from the 
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Fie. 24. Organ forming areas in egg of the amphioxus, one hour after fertilization. 
Sagittal section, approx. X220. (After Conklin 1932.) 


segmental gonads in which they develop, into the cavity of the atrium, 
and escape to the exterior through the atriopore. The first polocyte 
is given off before fertilization. Immediately after fertilization the 
vitelline, now the fertilization, membrane expands greatly, leaving 
the egg in a large perivitelline space (Figs. 24 and 10A). The second 
polocyte given off after the formation of the fertilization membrane 
remains attached to the egg while the first is usually lost to view. 
The fertilized egg of the amphioxus (Conklin, 1932) shows in 
sections (Fig. 24) a crescent of more deeply staining protoplasm on 
the side of the egg which will give rise to the posterior part of the 
body. This crescent will form the cells of the mesoderm (compare 
the yellow crescent of Styela). Opposite this is a less clearly de- 
fined crescentic area from which the cells of the notochord and neural 
plate will be formed (compare the gray crescent of Styela and of 
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the frog). The material of the vegetal hemisphere, bounded above by 
these crescents, will form the endoderm; the material of the animal 
hemisphere above the crescents will form the epidermis. 


FERTILIZATION OF THE FROG’S EGG 


The fertilization of the frog’s egg is external, but the sperms are 
brought into close proximity to the eggs during the sexual embrace 
or amplexus. During the breeding season the males embrace the 
females with the fore-legs, at which time the germ cells of each are 
extruded. The sperms make their way through the layers of egg 
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Fic. 25. Diagram of frog’s egg after fertilization to show gray crescent. The 
line immediately external to the vitelline membrane and polocytes represents the 
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jelly before these envelopes have attained their final thickness. The 
first sperm coming into contact with the vitelline membrane enters the 
egg, usually within 40° of the animal pole. The vitelline membrane 
is elevated to become the fertilization membrane, leaving a perivitelline 
space within which the egg may rotate. The second maturation di- 
vision then occurs, followed by the conjugation of the pronuclei. The 
penetration and sperm copulation paths are marked by a trail of pig- 
ment dragged in with the sperm head. The tail is left near the sur- 
face. Immediately upon fertilization the cortical cytoplasm cf the 
egg rushes towards the point of penetration, carrying with it the black 
pigment (melanin) of the animal hemisphere. Upon the side of the 
_ egg opposite the point of penetration there appears a crescent-shaped 
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area in which the pigment is less dense and which is therefore known 
as the gray crescent (Fig. 25). This area gives rise later to the noto- 
chord and mesoderm, or chorda-mesoderm, and is especially significant 
in the later organization of the embryo (Chapter 5). It is suffi- 
cient at this point to indicate that the appearance of the gray crescent 
gives the egg a bilateral symmetry. 


FERTILIZATION OF THE HEN’S EGG 


In the fowl, fertilization is internal. The sperms, introduced into 
the cloaca of the female during copulation, make their way to the 
upper end of the oviduct, where they may remain for two weeks or 
more. As each egg, i.e., the yolk with its germinal dise of -proto- 
plasm surrounded by a vitelline membrane, escapes from its ovarian 
follicle and enters the oviduct, five or six sperms enter the germinal 
disc, where they remain inactive until after the second maturation 
division. One of them then moves inward until it comes in contact 
with the female pronucleus, which has itself moved downward from 
the surface of the germinal disc. The supernumerary sperms move 
outward to the border of the disc, where, after a few divisions, they 
degenerate. The fertilized egg moves slowly down the oviduct while 
the tertiary envelopes are forming about it. 


FERTILIZATION OF THE HUMAN EGG 


Fertilization is internal and occurs at the upper end of the oviduct 
(Fallopian tube). It is probable that a single sperm enters the egg 
after the first maturation division as in the guinea pig (Fig. 19B). 
Further details are lacking, as no direct observations have been re- 
corded. Clinical evidence, supported by the work of Hartman on 
Macacus, indicates that ovulation usually takes place between the 
‘ eleventh and fourteenth day of the menstrual cycle, and that, if not 
fertilized in a day or two, the egg soon undergoes degenerative changes. 


SUMMARY 


The gametes are atypical cells, the egg and sperm differing both 
from each other and from a composite cell. The egg most resembles 
a composite cell, from which it differs in the absence of a centrosome 
after it has become mature. It is large, quiescent, and protected by 
envelopes. The sperm, almost devoid of cytoplasm, is small, active, 
and naked. 

The origin of the germ cells among vertebrates is still uncertain. 
After the formation of the gonad, ovary or testis, the germ cells, 
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then known as gonia, undergo a period of multiplication. This proc- 
ess is periodical in some vertebrates, continuous in others. It is fol- 
lowed by a period of growth in which some gonia are enlarged to 
become cytes. The spermatocyte gives rise to four spermatids, each 
of which will be transformed into a sperm. The odcyte, on the con- 
trary, gives rise to an ovum and two or three polocytes. 

The zygote, or fertilized egg, arises from the union of an egg and 
a sperm. This union is preceded by the discharge of eggs from the 
ovary (ovulation) and sperms from the testis. The sperm enters 
the egg through the mutual action of the two gametes, and the nu- 
clei of the two gametes come together, each to contribute to the first 
division of the fertilized egg. 

After fertilization, and sometimes even before, it can be seen that 
the egg has a definite organization, manifest in its polarity (seen 
even in ovarian eggs) and, in especially favorable material, evident 
in organ-forming areas. 


CHAPTER 4 
CHROMOSOMES AND GENES 


The germ cells are really cells detached from the bodies of the 
parents. When they unite in fertilization they bring together mate- 
rial from both parents. Herein lies the explanation of the inheritance 
of parental characteristics, of the fact that the fertilized egg develops 
in a way characteristic of the species, and the fact that individuals 
differ from one another. In the following paragraphs we shall re- 
view the theory that the individual units of heredity are the genes, 
borne in the chromosomes, distributed in the maturation divisions, 
and brought together in fertilization. 


THE CHROMOSOMES 


It will be necessary first to describe the chromosomes as they behave 
in ordinary (somatic) cell division, then to point out the peculiar 
features of the maturation (meiotic) divisions and of fertilization, 
and finally to indicate how this behavior of the chromosomes affects 
the distribution of the genes. 


The chromosomes in mitosis. The division of most cells is ac- 
companied by the formation and longitudinal division of threads 
of chromatin, called chromosomes, in the nucleus. This type of cell 
division is known as mitosis (Fig. 26). Some cells, however, divide 
without the appearance of chromosomes (amitosis), and the daughter 
cells are thereafter incapable of mitotic division. For the sake of 
‘convenience we may use the terms karyokinesis for the division of 
the nucleus in mitosis and cytokinesis for the division of the cytosome. 


Karyokinesis. Before cell division the metabolic (“resting”) nu- 
cleus is a reticulum of chromatin lying in the fluid karyolymph with 
a nucleolus, the whole surrounded with a nuclear membrane (Fig. 264). 
In mitosis we distinguish four stages, prophase, metaphase, anaphase, 
and telophase. 

In the prophase the reticulum separates into its constituent threads, 
chromonemata, by the breaking down of the smaller threads con- 
necting them. Very early it can be seen that these threads are 
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Fic. 26. Diagrams of somatic mitosis. A, metabolic (“resting ”’) stage. B, early 

prophase showing chromonemata and attachment points. C, middle prophase, 

matrix appearing. D, late prophase, chromonemata obscured. H, metaphase. F, 

anaphase. G, early telophase, matrix disappearing. H, middle telophase, nuclear 

membrane forming. J, late telophase, reticulum developing. (Based on a diagram 
by Sharp.) 


double or split longitudinally (Fig. 26B). Soon thereafter a matrix 
is visible about the two chromonemata. This compound structure, 
consisting of the two chromonemata and the surrounding matrix, is 
a chromosome (Fig. 26C). The number of chromosomes so formed 
is the same in every cell of every individual belonging to any particu- 
lar species. (This statement is subject to exceptions. See pages 
62 ff.) Towards the end of the prophase the chromonemata are 
usually invisible. Finally the nuclear membrane disappears, and 
the karyolymph assumes the form of a double cone or spindle (Fig. 
26D). 
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In the metaphase (Fig. 262), the chromosomes line up in an equa- 
' torial plane through the spindle. Each has a definite attachment re- 
gion (centromere) lying in the equatorial plane even though the ends 
of the chromosomes may lie outside the plane. 

In the anaphase (Fig. 267), the chromosomes separate into two 
longitudinal portions, each containing one of the original chromone- 
mata with surrounding matrix. Preceded always by its attachment 
region, each daughter chromosome moves towards a pole of the 
spindle. Carothers (1934) describes the growth of a fiber from 
the attachment region of each daughter chromosome to the nearest 
pole of the spindle. Eventually two equivalent sets of chromosomes 
are formed, one in the vicinity of either pole, each set containing a 
daughter chromosome from each of the original chromosomes formed 
in the prophase. 

In the telophase (Fig. 26G, H, I), each set of chromosomes assumes 
the metabolic condition. The matrix loses its staining capacity and 
the chromonemata reappear, often already split longitudinally. The 
nuclear membrane is formed about each group, the chromonemata 
are united by tiny cross-strands, the nucleolus reappears, and the 
_ nucleus is seen to be filled with karyolymph. The cell now contains 
two daughter nuclei, each identical with the other and with the 
parent nucleus. 


Cytokinesis. Other striking events are taking place in the cytosome 
during mitosis. During the prophase the centrosome, if not already 
divided, separates into two daughter centrosomes which move apart. 
About each of them is a spherical mass of protoplasm, often containing 
radial striations, known as the aster. Between them is a central 
spindle apparently containing fibers. Cytologists distinguish three 
types of fibers: (1) primary or continuous fibers extending from 
centrosome to centrosome, (2) half spindle components extending, 
from chromosome to centrosome, and (3) interzonal connections 
extending between the separating daughter chromosomes (Schrader). 
The centrosomes reach the opposite sides of the nucleus just as the 
nuclear membrane disappears. The karyolymph apparently unites 
with the material between the two centrosomes to form the mitotic 
spindle along which the chromosomes move in the anaphase. In 
the telophase, asters and spindle disappear and the centrosomes alone 
remain in the positions they occupied at the poles of the mitotic 
spindle. Sometimes they divide in anticipation of the next mitosis. 

The mitochondria usually divide en masse (Fig. 27A). This 
division of the mitochondria is approximately an equal one, and 
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some investigators believe that the individual mitochondria divide 
during mitosis or just prior to it. 

The Golgi bodies, even when aggregated into a Golgi apparatus, 
separate during mitosis and are segregated into the daughter cells, 
usually associating themselves with the two centrosomes (Fig. 27B). 
It is uncertain whether each Golgi body divides individually at 
mitosis, but some evidence has been brought forward to support this 
contention. 
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Fia. 27.' The mitochondria and Golgi bodies in mitosis. A, mitochondria. 
B, Golgi bodies. (After Bowen.) 


In animal cells the cytosome as a whole divides by constriction. 
In this process the cell elongates: in the direction of the spindle 
during the anaphase and telophase. Following the reconstruction 
of the daughter nuclei in the telophase, a furrow appears at the 
periphery of the cell, around the equatorial belt, and at right angles 
to the axis of elongation. This furrow advances towards the center 
of the cell until the cell is completely divided. 


{ 


Distribution of the chromosomes. Each daughter cell has approx- 
imately half of the cytoplasm proper, half of the mitochondria and 
Golgi bodies, a centrosome derived from that of the parent cell, and 
a nucleus built up from a set of chromosomes, each of which was 
produced by the division of a chromosome in the parent cell. It is 
apparent from the foregoing account that the key to the complexities 
of mitosis is the division of the chromosomes. The achromatic figure 
is the framework upon which this division takes place. The division 
of the mitochondria and Golgi bodies is still too little understood. 
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But the chromosomes, appearing in the prophase, halved with such 
accuracy in metaphase and anaphase, and disappearing again in the 
telophase, are characterized by a constancy in number, an individuality 
evinced in form and behavior, and a persistence from generation to 
generation. In some favorable material it has even been possible 
to demonstrate that the chromonemata arise in the prophase exactly 
as they merged into a reticulum in the previous telophase. From 
the statements above, it is not unreasonable to draw the conclusion 
that the chromosomes are directly concerned with inheritance in cell 
reproduction. 


The chromosomes in meiosis. During the two maturation divisions 
by which the gametes are formed, the number of chromosomes is 
reduced to one-half the number characteristic of the species. Since 
in the ordinary somatic mitosis the number of chromosomes given 
to each daughter cell is exactly the same as that to the parent, it is 
evident that we are dealing with a peculiar type of mitosis (Fig. 28). 
The name meiosis is frequently applied to the maturation divisions. 


First meiotic division. The essential feature in which the first 
meiotic division differs from the ordinary (somatic) mitosis is that 
during the prophase the chromosomes unite in pairs (Fig. 29, 2). 
This is synapsis and occurs only in the first meiotic division. Since 
each of the chromosomes always divides during the prophase also 
(Fig. 29, 4), the net result is that at the end of the prophase there 
are only half the number of chromosomes seen in somatic mitosis, 
but each of these consists of four parts (chromatids) instead of two 
(Fig. 29, 5). These compound bodies consisting of four chromatids _ 
are called tetrads (Fig. 29, 6). The quadripartite nature of the 


tetrad may be expressed by the formula 4 ; ” where A represents one 


of the synaptic mates and a the other. 

In the anaphase (Fig. 29, 7), each of the daughter chromosomes 
possesses two chromatids and is known as a dyad. But there are 
two different ways of dividing a tetrad. In one case the two 


- A , 
chromatids derived from one of the synaptic mates (3) might be 


a\ . ‘ 
separated from those derived from the other mate q) ina reduction 


(disjunction) division. In the other, each dyad might contain one 
chromatid from each of the synaptic mates (A : a) as the result 
of an equation division. Recent evidence (based on the study of 
the fruit fly, Drosophila, and of maize) indicates that the first meiotic 
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Fig. 28. Comparison of somatic and meiotic mitosis. (From Sharp.) 
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Fig. 29. . Diagram of meiosis. 1, first meiotic division, prophase (leptonema stage). 
2, do., showing synapsis (zygonema stage). 3, do., showing thickening of the chromo- 
somes (pachynema stage). 4, do., showing formation of tetrads (diplonema stage). 
5, do., showing condensation of matrix (diakinesis stage). 6, metaphase I. 7, 
anaphase I, showing dyads. 8, telophase I. 9, second meiotic division, prophase 
showing dyads united at attachment points. 0, metaphase II. 11, anaphase II, 
showing the separation of the chromatids which composed the dyads. 12, telophase 
II. Each of the four germ cells now has the haploid number of chromatids (chremo- 
somes). (From Sharp.) 
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division is reductional, at least in the region of the centromere. 
The telophase (and prophase of the second meiotic division) some- 
times is omitted if the second division succeeds the first immediately. 


Second meiotic division. If these omissions take place, each of 
the daughter cytes divides immediately, the chromosomes, still in 
the dyad condition, lining up on the spindles for the metaphase of 
the second meiotic division. But even if the telophase of the first 
and prophase of the second meiotic divisions are not omitted (Fig. 
29, 8),-it is obvious that the chromosomes arising in the prophase 
(Fig. 29, 9) are dyads and that they undergo no other longitudinal 
split. The anaphase of the second meiotic division (Fig. 29, 11) 
merely separates the two chromatids of each dyad from each other. 
The final result is that each of the four cells produced by the meiotic 
divisions (Fig. 29, 12) has one chromatid from each tetrad or one-half 
the number of chromosomes found before meiosis took place. This 
is expressed in another way by saying that the number of chromo- 
somes has been reduced from the diploid to the haploid (monoploid) 
number. 

Here we must note that it makes no difference whether the first 
meiotic division divided a tetrad reductionally or equationally. The 
second division always distributes the two chromatids of each dyad 
into different cells. Each of the four daughter cells has one chromatid 
from each tetrad, and therefore one representative from either one 
of the two synaptic mates (A or a), but not from both. 


Distribution of the chromosomes. As each tetrad orients itself 
independently upon the spindle it is evident that it is a matter of 
chance which half of a tetrad, or of a dyad, goes to either pole of 
the spindle. Accordingly, if we had eight chromosomes, A, a, B, b, 
C, c, D, and d, they would unite in synapsis to form four double 
chromosomes, Aa, Bb, Cc, and Dd. These would form the four 
tetrads, fis ce a , oe ©, and a After the two meiotic divi- 
sions in and neha regardless of their order), the mature 
germ cells would have four chromosomes (the haploid number), but 
only one representative of each synaptic pair. The possible com- 
binations are 2* or 16, namely, ABCD, ABCd, ABcd, Abcd, ABcD, 
AbCD, AbCd, aBCD, aBCd, aBcd, abcd, aBcD, abcD, abCD, AbcD, 
and abCd. Accordingly the number of different types of gametes 
which may be formed: can be determined from the formula 2” 
when n is the haploid number of chromosomes characteristic of the 
species. 
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Fic. 30. Diagram showing the distribution of the chromosomes in fertilization and 
the following meiotic divisions. (After Wilson.) 


The chromosomes in fertilization. Evidently when the egg and 
sperm unite in fertilization, the pronucleus contributed by each 
contains the haploid number of chromosomes. In this way the 
diploid number characteristic of the species is restored. It is obvious 
that, unless the number had been reduced by meiosis, it would be 
doubled in each new generation. 

In the second place, it is clear that each germ cell contributes a 
homologous set of chromosomes, and that in synapsis the chromo- 
somes unite in homologous pairs. In the example referred to above, 
chromosomes A, B, C, D came from one parent and a, b, c, d came 
from the other. We can now visualize each synaptic pair as consisting 
of one paternal and one maternal chromosome. 

During meiosis the paternal and maternal chromosomes are sorted 
out into different assortments in the different germ cells. During 
fertilization these different assortments are brought together in random 
recombinations. We have said that in an animal with 8 chromo- 
somes we might have 2‘, or 16, different classes of gametes. In 
random fertilization this number would be squared, so that there 
would be 4‘, or 256, possible combinations. Many of these would 
be duplicates, so that the exact number of different (genotypic) 
classes of zygotes, according to their assortment of chromosomes 


would be 3*, or 81. 


=> 
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Sex chromosomes, X-O type. In many animals, such as the insect 
Protenor, the male has one chromosome less than the female, the 
numbers in Protenor being 13 and 14, respectively (Fig. 31). If the 
synaptic pairs are-assembled, it is clear that the male has six pairs 
of ordinary. chromosomes (autosomes) and an extra one, the X- 
chromosome. The female has six pairs of autosomes and a pair of - 
X-chromosomes. In the female the X-chromosomes unite in synapsis, 
form a tetrad, and are segregated in the meiotic divisions so that 
every egg has a complete set of autosomes and one X-chromosome 
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Fie. 31. Chromosomes of Protenor. A, A’, male diploid group. B, B’, female 
diploid group. The X-chromosomes are indicated by X. (After Wilson.) 


(A + X). In the male, on the other hand, the single X-chromo- 
some has no synaptic mate and so goes on the spindle of the first meiotic 
division as a dyad, which is carried to one pole of the spindle entire. 
In the second meiotic division the dyad is divided as usual. The end 
result is that only half the spermatids receive an X-chromosome 
and two classes of sperms are formed, either with .or without a 
~ X-chromosome (A + X or A + 0). If a sperm with an X-chromo- 
some fertilizes the egg, the female combination (24 + 2X) is 
restored. If a sperm without the X-chromosome penetrates the egg 
the male combination (2A.+ X) is formed (Fig. 32). 
Sex chromosomes, X-Y type. But the sexes do not always differ 
in chromosome number, for in many animals, like the insect Lygaeus 
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Fie. 32. Diagram showing history of the X-chromosome during meiosis and fer- 
tilization. (After Wilson.) 


(Fig. 33), the X-chromosome of the male is furnished with a 
synaptic mate which differs from it in size, form, and probably 
composition, and is therefore known as the Y-chromosome. The 
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Fic. 33. Chromosomes of Lygaeus. A, A’, male diploid group. B, B’, female 
diploid group. X and Y indicate the X- and Y-chromosomes respectively. (After 
Wilson.) 

X-chromosome or a Y-chromosome. Fertilization by a sperm bearing 
the X-chromosome results in the development of a female (2A + 2X), 
whereas if a sperm bearing a Y-chromosome enters the egg the embryo 

will give rise to a male (2A + XY). 
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Female digamety. As an exception to the general rule among 
the vertebrates, the birds have dissimilar sex chromosomes in the 
female.’ The cytological details are difficult to interpret but the 
theoretical explanation is that the female has the two dissimilar sex 
chromosomes X and Y, while the male possesses two similar sex 
chromosomes of the X type (Fig. 34B). In this group, therefore, 
it is the ovum which determines the sex of the embryo rather than 
the sperm. This explanation agrees with the data obtained from 
genetics. 
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Fic. 34. Metaphase plates of male diploid chromosome groups. A, frog (after 
Witschi). B, chick (after Hance). C, man (after Painter). 
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CHROMOSOMES OF THE AMPHIOXUS 
The diploid number is 24. 


CHROMOSOMES OF THE FROG 


The diploid number is 26, and the sex chromosomes of the male 
are of the X-Y type (Fig. 34A). 


CHROMOSOMES OF THE CHICK 


The diploid number is 36. The sex chromosomes have not been 
positively identified, but genetic evidence (Haldane) indicates that 
the sex chromosomes of the female are of the X-Y type (Fig. 34B). 


CHROMOSOMES OF MAN 


The diploid number, according to the most recent researches, is 
48. The sex chromosomes are of the X-Y type (Fig. 34C). It is 
interesting to note that with 48 chromosomes the possible types of 
gametes number 2** or 16,777,300, and that from these 3°4 zygote 
recombinations are possible. 
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THE GENES 


It has already been said that the behavior of the chromosomes 
itself might suggest that these bodies are concerned with the trans- 
mission of hereditary characters. However, since the number of 
hereditary characters usually far outnumbers the chromosomes, 
smaller units than the chromosomes must exist. 

The unit of genetics is the gene. These genes are arranged in 
linear order in the chromosomes. They exist in great numbers; in 
the fruitfly Drosophila it is estimated that there are between 2000 
and 3000. The genes are known by the effects their presence induces, 
and named according to the most obvious of these effects. 

Since each chromosome contains a large number of genes it follows 
that many of them remain in groups during meiosis ‘and fertilization. 
The number of these linkage groups, as they are called, corresponds 
to the haploid number of chromosomes. But there are enough ex- 
changes of genes between chromosomes so that percentage values 
of these crossovers can be determined. On the hypothesis that the 
percentage value of crossing over corresponds to the distance between 
the genes concerned, chromosome maps (Fig. 35) have been con- 
structed. 

The work of Painter, Bridges, and others has demonstrated that 
in Drosophila and other Diptera the exceptionally long and stout 
chromosomes in the cells of the salivary glands (Fig. 36) are marked 
by swellings, constrictions, and transverse markings. Painstaking 
studies of these chromosomes has led to the identification of the 
regions in which the genes are located. Whether or not the markings 
correspond to the genes themselves is still debatable. 

The question naturally arises as to the origin of the genes which 
are allelic to the so-called normal genes. In Drosophila the ab- 
normal genes, or mutants as they are called, arose in laboratory’ 
cultures. It has been discovered that the rate of mutation, i.e., the 
number of mutants arising in a given number of flies, may be increased 
by high temperatures (Plough) and by irradiation (Miiller). When 
one of these genes is altered in any way to become a mutant, the 
course of development is disturbed. Most mutant genes disturb the 
course of development so greatly as to cause death (lethal mutants). 
A smaller number produce visible changes when present in each 
chromosome of the synaptic mates (recessive mutants). A few 
produce visible changes if contained in a single chromosome (dominant 
mutants). Accordingly, every species of animals contains a certain 
number of mutant genes (500 in Drosophila). As these enter into 
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Fig. 35. The chromosomes of Drosophila melanogaster and map showing the posi- 


tions of many genes as determined from cross over ratios. 


Letters in parentheses 


indicate part of body affected: B, body; E, eye; H, hair; W,wing. Arrows indicate 
position of attachment point. All genes in IV are closely linked. The exact. position 


of genes in Y still undetermined. 
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(From Sharp after Morgan et al., 1925, and Stern 
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new genetic combinations according to the behavior of the chromo- 
somes in meiosis and fertilization, they give rise to individual differ- 
ences in development. But the greater number of stable or non- 
mutant genes holds development true to the specific type. 
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Fic. 36. Chromosomes of Drosophila. Above, metaphase of oégonium, arrow 
pointing to pair of chromosomes IV. Below, pair of chromosomes IV in salivary 
gland. Both to same scale. (From Curtis and Guthrie after Bridges.) 


Chromosomal aberrations. Of particular interest to the student 
of embryology are the new types of individuals arising from disturb- 
ances in the usual course of meiosis. Some of these chromosomal 
aberrations are shown graphically in Fig. 37. One of the most 
striking types of aberration is known as non-disjunction, which may 
affect one to all of the chromosomal pairs during meiosis. In total 
non-disjunction, the members of each synaptic pair fail to separate 
during a meiotic division so that one daughter cell gets a double 
set of chromosomes while its sister cell receives none. As a result 
there will be one gamete with the diploid number of chromosomes. 
If such a gamete with the diploid number (2A + 2X) is fertilized 
by another with the haploid number (A + X), the zygote will have 
3A + 3X, the triploid number. Such a fly is a female and her 
progeny will show many interesting characters due to the chromosomal 
aberrations involved, as shown in the table on page 69. 
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Deletion: One member of the chromosome 
pair shown in A may twist on itself as in E 
and break in the plane of the dotted line,so 
that an internal section containing gene c is 
lost, or deleted, as shown in F’. 
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Duplication and Deficiency: If one member 
A of the chromosome pair shown in A comes to 
RB lie across the other as shown in J and a break 
occurs in the plane of the dotted line, the 
chromosome on the left in J will have a 
duplication and contain both gene d and gene 
D, while the chromosome on the right will 
have a deficiency of the section containing 
gene D. 
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Translocation: One member of the chro- 
; -mosome pair shown in A may come to lie 
across one member of the chromosome pair 
shown in B, as seen in K. If a break occurs _ 
in the plane of the dotted line, sections of 
non-homologous chromosomes are exchanged, 
K L or translocated, as shown in L. 
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Fig. 37. Diagrams to show crossing over and various chromosomal aberrations. 
(From Curtis and Guthrie.) 
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Sex 


Superfemale 
(Fig. 38C) 
Triploid 
Female 
Diploid 
Female 
Intersex 
Diploid 
Female 
Intersex 
Male 
Supermale 
(Fig. 38D) 


’ Fig. 38. Intersexes and supersexes in Drosophila, occurring in the progeny of tri- 
| ploid females. A, female-type intersex. B, male-type intersex. -C, superfemale. 
._ D, supermale. a, b, c and d are the chromosome groups characteristit of A, B, C 
and D respectively. (From Curtis and Guthrie, after Morgan et al.) 
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Examination of the ratio between the X-chromosomes and other 
chromosomes (autosomes) suggests that the determination of sex 
depends on some sort of ratio between the genes in the X-chromo- 
somes and the autosomes. Bridges (1921) 
has formulated a theory of genic balance to 
account for the observed results. In the 
development of the intersexes, the individuals 
commence as males but at a particular time 
shift to the type of development character- 
istic of females. The characters determined 
before the shift are male, those after it are 
females. As the time at which the shift 
takes place is variable the intersex may be 
of the female type (Fig. 38A) or of the male 


Fig. 39. Gynandromorph type (Fig. 38B). 
in Drosophila. Note eosin 
eye and miniature wing on Gynandromorphs. Intersexes must not be 


right as compared to red confused with gynandromorphs, which are 
eye and long wing on left. individuals with one part of the body male 
This fly is male on the right 54 the rest female. Bilateral gynandro- 
side and female on the left. : 3 : : 
(After Morgan andBridges.) ™orphs in Drosophila (Fig. 39) arise from 
female zygotes (2A + 2X), but during the 
first cleavage division one of the X-chromosomes is lost on the mitotic 
spindle. The result is that one of the daughter cells has the female 
complex (2A + 2X) while the other has the male complex (2A + X). 
Sometimes such an aberration takes place in a later cleavage division 
so that there is only a small area of male cells. Such individuals 
are called chimeras. 


Teratology. All students of embryology are familiar with the 
fact that development does not always proceed normally. Abnormal 
embryos are known as monsters, and their study forms the subject 
matter of the embryological subscience known as teratology. It is 
clear from the sections just preceding that many of these monsters 
must be due to chromosomal aberrations with consequent disturbance 
of the genic balance. Others, as will be noted in Chapter 17, are due 
to environmental factors. 


SUMMARY 


The egg and the sperm are the material contributions of the parents 
to the new individual. The equivalent structures of the egg and the 
sperm are their nuclei. Each nucleus contains the haploid number 
of chromosomes. The fertilized egg has two haploid sets, or the 
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diploid number. In somatic mitosis the chromosomes are split longi- 
tudinally and divided equally among the daughter cells, so that 
each daughter cell contains an assortment precisely equivalent to 
that of its sister cell and the mother cell. In the course of the 
meiotic divisions the diploid number of chromosomes is reduced 
to one haploid set. This is accomplished through the union of the 
homologous members of the two sets in synapsis. Each synaptic 
pair forms a tetrad of four chromatids, the members of which are 
distributed independently among the mature germ cells. In this way 
different classes of gametes are formed with varying chromosomal 
complexes. 

The chromosome is built up from a thin thread, the chromonema, 
which binds together the genes, the units of heredity. These genes, 
ordinarily ultramicroscopic, are self-reproducing units which seem 
to accelerate definite chemical reactions without losing any of their 
own substance in the process. The course of development is largely 
controlled by the activities of these genes. These activities may be 
disturbed during meiosis by chromosomal aberrations, thus altering 
the genic balance and modifying the course of development, in some 
cases so much as to cause death. The genic balance may also be 
altered by point mutations or changes in the constitution of an 
individual gene recognizable through the effects produced. 

Either aberrations or point mutations when not lethal may be 
transmitted in heredity. The distribution of these aberrant chromo- 
somes or mutant genes in meiosis and fertilization is the material 
basis for heritable differences arising in the course of development of 
individuals belonging to the same species. 

_One of the outstanding problems in experimental embryology still 
awaiting solution is how the genes actually determine the course of 
development. But the modern student of embryology accepts the 
general theory that it is the complement of genes, from*the egg and 
sperm respectively, which initiates and largely controls the develop- 
ment of the individual. 


(CHAPTER 5 
HARLY EMBRYOLOGY 


The fertilized egg (zygote) is a complete and balanced cell. It 
has two entire sets of chromosomes, each with a full complement of 
genes, one set from each parent. These nuclear elements are contained 
in a cell body whose cytoplasm is principally maternal in origin and 
which has a definite organization as indicated by its polarity. We 
are now to examine the way in which the embryo develops from 
the fertilized egg. 

It is convenient to distinguish three steps in the early development 
of the embryo. First is the period of cleavage in which the egg 
undergoes a number of mitotic cell divisions, at each of which the 
‘number of cells (blastomeres) increases while the size of the cells 
decreases. The period ends with the embryo in the form of a blastula, 
a stage in which the blastomeres are not stratified into different layers. 

Second comes the period of gastrulation, in which the blastomeres 
arrange themselves into the three germ.layers, ectoderm, mesoderm, 
and endoderm (entoderm). In many vertebrates one of these layers 
may be segregated while the other two are still associated so that 
a two-layer stage consisting of ectoderm and mesendoderm, or of 
mesectoderm and endoderm, may intervene between the blastula 
and completed gastrula. As we shall see on later pages, the noto- 
chord is associated with the mesoderm to form a chorda-mesoderm 
area in gastrulation. 

The segregation of the germ layers is hardly complete, particularly 
in amphioxus and the frog, before the neural plate becomes dis- 
tinguishable from the surrounding ectoderm. The embryo in’ the 
neural plate stage is known as the neurula, and the period during 
which this plate invaginates to form the neural tube is conveniently 
termed the period of neurulation. 


CLEAVAGE 


As there are different types of eggs according to the amount and 
distribution of the yolk, so there are different types of cleavage 
according to the pattern formed by the dividing egg. 
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Rules of cleavage. Certain rules have been formulated to express 
the simpler geometrical relationships of the blastomeres. The first 
are Sachs’s: (1) Cells typically tend to divide into equal parts. (2) 
Each new plane of division tends to intersect the preceding one at 
right angles. Sachs’s rules are supplemented, and to some extent 
explained, by Hertwig’s: (1) The typical position of the nucleus 
(and hence of the mitotic figure) tends towards the center of its 
sphere of influence, i.e., of the protoplasmic mass in which it lies. 
(2) The axis of the spindle typically lies in the longest axis of the 
protoplasmic mass, and division therefore tends to cut this axis 
transversely. 


Fia. 40. Diagram to show main types of cleavage in vertebrates. A, equal holo- 
blastic. B, unequal holoblastic. C, meroblastic. 


Types of cleavage. The rate of division is governed by the rule 
of Balfour: the rate of cleavage is inversely proportional to the 
amount of yolk present. This leads to a distinction between two 
types of cleavage. In the first type the cleavage planes divide the 
egg completely into separate blastomeres. This, known as holoblastic 
cleavage, is characteristic of isolecithal and moderately telolecithal 
eggs. In the second type the cleavage planes do not pass through 
the yolk and so the separate blastomeres come to lie upon a mass 
of undivided yolk. This, known as meroblastic cleavage, is typical 
of extremely telolecithal eggs. It is generally true that isolecithal 
eggs have equal holoblastic cleavage (Fig. 40A). Moderately 
telolecithal eggs have unequal holoblastic cleavage (Fig. 40B), and 
extremely telolecithal eggs have meroblastic cleavage (Fig. 40C). 


Cell lineage. It must not be thought that cleavage results in a 
mass of identical blastomeres. Painstaking examination of dividing 
eggs has shown that in the normal development of favorable material 
the origin and fate of every blastomere can be determined accurately. 
The genealogical history of the blastomeres is known appropriately 
as cell lineage. One of the most clean-cut examples, in forms allied 
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to the vertebrates, is the cell lineage of the tunicate Styela (Cynthia) , 
worked out by Conklin in 1905. 

The student should understand the system used in naming the 
blastomeres, which is illustrated most easily by means of the 8-cell 
stage (Fig. 41). The blastomeres on the right side of the embryo have 
underlined exponents. After the third division blastomeres formed 
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Fic. 41. Cleavage of Styela egg. A, 4-cell stage from left side. B, same stage from 
animal pole. C, 8-cell stage from left side. D, same stage from animal pole. For 
explanation of lettering, see text. (From Richards, after Conklin.) 


at the animal hemisphere are in lower-case letters; those at the 
vegetal hemisphere are in capital letters. Those formed at the an- 
terodorsal side of the embryo are given the designation a, at the 
anteroventral side A; those at the posterodorsal side are named b; 
those at the posteroventral side B. The first exponent is the number 
of the cell generation, counting the fertilized egg as the first generation, 
the blastomeres of the first cleavage as the second generation, etc. 
The exponent after the decimal point indicates whether the cell is 
in the first, second, third, ete., row from the vegetal pole. Thus 
the cell labeled A‘! is anteroventral, left side, vegetal hemisphere, 
of the fourth generation, and in the row next to the vegetal pole. 
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The first cleavage is bilateral; i.e., it divides the egg, with its 
presumptive organ regions, into a right blastomere (AB?) and a 
left blastomere (AB*). At the second cleavage each of these is 
divided into an anterodorsal blastomere (A* and A%) and a postero- 
ventral blastomere (B* and B’). The third cleavage plane (Fig. 41C, 
D) separates the smaller cells of the animal hemisphere (a*?, b*?, 
a*?, b*”) from the larger cells of the vegetal hemisphere (A*?, B*", 
me BS), 
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By the sixth generation (32-cell stage) the organ-forming regions 
have been segregated into different blastomeres as follows: 


Animal hemisphere: 
14 Ectoderm, epidermis. 
2 Ectoderm, neural plate. 


Vegetal hemisphere: 
4 Ectoderm and mesoderm, chorda-neural plate. 
4 Mesoderm, gray crescent. 
2 Mesoderm, yellow crescent. 
6 Endoderm cells. 


32 


The cell lineage of many types of invertebrates has been investigated 
in a similar manner, but the only vertebrate form in which the cell 
lineage has been reported is the minnow, Fundulus (Oppenheimer, 
1936). In normal development it may be concluded that during 
cleavage the successive generations of blastomeres show a progressive 
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differentiation. Earlier or later, the organ-forming areas of the 
fertilized egg are segregated into different groups of blastomeres, 
which are the organ-forming areas of the blastula. 

Later (Chapter 17), experiments will be described which indicate 
that individual blastomeres may, under different conditions, give 
rise to parts of the embryo other than those which they produce 
in the normal course of development. 
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Fig. 42. Diagrams of vertebrate blastulae. A, coeloblastula following holoblastic 

equal cleavage (amphioxus). B, coeloblastula following holoblastic unequal cleavage 

(frog). C, discoblastula following meroblastic cleavage (chick). D, blastocyst 
(mammals). 


The blastula. The period of cleavage terminates in the appear- 
ance of the blastula, but this does not mean that cell division comes 
to an end. The blastula is generally defined as a hollow sphere of 
blastomeres surrounding a cavity, the blastocoel. But this definition 
does not fit the blastulae formed by meroblastic cleavage. So we 
shall distinguish three classes of blastulae. The first is of the 
hollow sphere type (coeloblastula) and is the result of holoblastic 
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equal cleavage (Fig. 424). A variety of this type, in which the 
blastocoel is displaced towards the animal ‘pole, is the result of 
holoblastic unequal cleavage (Fig. 42B). 

The second type of blastula (discoblastula) is the result of mero- 
blastic cleavage in which the blastomeres rest in a flat dise, the 
blastoderm, on the undivided yolk mass (Fig. 42C). A segmentation 
cavity later combines with a yolk cavity, formed by the digestion 
of the yolk underlying the blastoderm, to form a blastocoel. Such 
a blastocoel is roofed with cells but has a floor of yolk. 

The third type of blastula is found only in mammals and is called 
a blastocyst (Fig. 42D). The solid morula forms a blastocoel which 
enlarges until it almost separates an outer layer of cells (trophoblast) 
from an inner cell mass (the embryonic mass). 


Presumptive organ regions of the blastula. As might be inferred 
from the results of cell-lineage studies, the regions of the blastula 
will give rise to different parts of the pret 3 in normal development. 
In the tunicate and amphioxus, Conklin has mapped out the pre- 
sumptive organ regions of the blastula, and Vogt and his students, 


by means of a most ingenious technique, have accomplished the same 


result for the amphibian blastula. Experimental evidence (Chapter 
17) indicates that in the tunicate and amphioxus the organ-forming 
regions are definitely determined whereas, in amphibians, the regions 
have a greater plasticity and may give rise to parts of the embryo 
quite different from those formed in normal development. 


CLEAVAGE: THE AMPHIOXUS 


In the egg of the amphioxus (Fig. 43), which is isolecithal, cleavage 
is holoblastic and almost equal. The first cleavage commences as a 
depression at the animal pole, which later assumes a groove-like form 
and elongates until it becomes a wide meridional furrow extending 
around the egg. This constriction deepens until the two hemispheres 
are completely divided, when each blastomere rounds up into a spherical 
shape. The second cleavage also commences at the animal pole and is 
meridional but at right angles to the first, following Sachs’ second rule. 
The third plane of cleavage is at right angles to both the first and 
second and hence would be equatorial if the egg were completely iso- 
lecithal. But as the yolk is a little concentrated at the vegetal pole, 
the nucleus, following Hertwig’s first rule, is in the center of the 
cytoplasm, i.e., on the egg axis slightly nearer the animal pole. So 
the third cleavage plane is nearer the animal pole and accordingly is 
latitudinal. The quartette of cells in the animal hemisphere is there- 


>>, 
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fore smaller than those in the vegetal hemisphere. The smaller cells 
are called micromeres; the larger ones, macromeres. The fourth 
division divides each of the eight existing blastomeres in two. There 
are two planes of cleavage, each meridional, at right angles to the 
third, and also at right angles to each other. Sometimes the cleavage 
planes of the fourth division are parallel to each other instead of being 


Anterior 


Presumptive 
Anterior mesoderm 


Fig. 43. Cleavage of the amphioxus egg. A, before cleavage. B, commencing first 

cleavage, from posterior side. C, second cleavage, from vegetal pole. D, third 

cleavage, from left side. #, fourth cleavage, from vegetal pole. fF, fifth cleavage, 

side view, segmentation cavity indicated by dotted lines. 166. (After Conklin, 
1932.) 


at right angles. This makes the bilateral symmetry of the dividing 
egg quite obvious. In the fifth cleavage 32 cells are produced, again by 
two planes of cleavage, at right angles to the planes of the fourth, but 
this time latitudinal and parallel to each other. From this time on 
cleavage becomes more and more irregular. The early cleavages have 
been fairly regular; each has divided the entire egg mass; and the 
blastomeres, with the exceptions noted, have been almost equal. The 
blastomeres round up as each cleavage is completed, and a jelly is 
secreted between them. In this way a small cavity called the segmen- 
tation cavity or blasto¢oel is formed. 

Conklin (1933) states that comparison of the cleavage of the amphi- 
oxus with that of the tunicates shows a general resemblance between 
the two in the distribution of the organ-forming substances to the 
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blastomeres, in the generally bilateral type of cleavage, and the order 
of division; but in all respects the tunicate egg is the more precise and 
the more precocious in differentiation. 
In the development of the amphioxus we find a good example of the 
coeloblastula (Fig. 44). The blastomeres 
are arranged in a single layer around the Peetadorm 
enlarged blastocoel which is entirely cut i 
off from the exterior. The blastomeres at 
the animal pole are micromeres; those at the 
vegetal pole are macromeres; the cells at 
the equatorial belt are transitional in type. mesoderm 
The cells which are to form the mesdderm praedcin 
are rounded and in active mitosis. They pie ee 
are arranged in a crescent on one side of Fis. 44. Blastula of the 
the egg while those which will form the cy Hoe 
chorda-neural plate make up a correspond- 
ing crescent on the other. The endoderm cells are the larger cells of the 
vegetal hemisphere. 


CLEAVAGE: THE FROG 


The frog’s egg (Fig. 45) is telolecithal with holoblastic unequal 
cleavage. Here the first division commences as a depression at the 
animal pole, which elongates and extends around the egg as a shallow 
furrow until the ends meet at the vegetal pole. The constriction also 
extends inwards, most rapidly at the animal pole, and eventually bisects 
the egg into two blastomeres which round up very slightly. The 
plane of the second division is also meridional and through the animal 
pole but at right angles to the first. The first two cleavage planes 
intersect each other at the animal pole. As the blastomeres round up, 
however, two of them are pushed away from the point of intersection 
by the two others which flatten against each other to form a short 
polar furrow. The third cleavage is latitudinal, about 45° from the 
animal pole, and the micromeres are considerably smaller than the 
macromeres. Theoretically the fourth and fifth planes of cleavage 
bear the same relationships to the earlier ones as do those of amphioxus 
but actually they are more irregular. The two planes of the fourth 
cleavage often fail to pass through the vegetal pole and hence become 
vertical rather than true meridional planes. As these planes originate 
in the animal hemisphere, the micromeres are divided before the 
macromeres, so that a 12-cell stage intervenes between the 8-cell and 
16-cell stages. Similarly, following Balfour’s rule, the latitudinal 
cleavage plane in the animal hemisphere of the fifth division appears 
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before the corresponding plane in the vegetal hemisphere, so that there 
is a 24-cell stage before the 32-cell stage is attained. 

The cell lineage of the frog’s egg has not been followed in detail as 
has that of the tunicate or amphioxus. It is known, however, that 
the first cleavage plane ordinarily divides the gray crescent into two 
symmetrical halves, so that cleavage is normally bilaterally sym- 


Unfertilized Gray crescent 
0 Hours 1 Hour 


va 


8-cell 16-cell 32-cell Mid-cleavage 
5.7 Hours 6.5 Hours 7.5 Hours 16 Hours 


Late cleavage Dorsal lip Mid-gastrula Late gastrula 
21 Hours 26 Hours 34 Hours 42 Hours 


Fic. 45. Cleavage and gastrulation in the frog, Rana pipiens. Ages given are ata 
temperature of 18° C. X10. (Rearranged from Shumway, Anatomical Record 
78 : 148.) 


metrical from the outset. The segmentation cavity, visible from the 
third cleavage on, is displaced toward the animal pole and toward the 
gray crescent side of the cleaving egg. 

The blastula of the frog (Fig. 46) resembles that of the amphioxus 
in all essential characters, but shows minor differences due largely to 
the greater amount of yolk present. In the first place, the blastoderm 
is no longer one layer of cells in thickness. Tangential divisions have 
increased the number of cells so that at the animal pole the blastoderm 
may be three or four cells deep. Furthermore, the greater difference in 


CLEAVAGE: THE CHICK 81 


size between the micromeres of the animal pole and the macromeres of 
the vegetal pole result in the blastocoel occupying an eccentric posi- 
tion entirely within the limits of the animal hemisphere. 

The blastula of the frog shows certain regional differentiations. 
Thus the cells of the animal hemisphere are smaller than those of the - 
vegetal hemisphere, and contain pigment granules. Between the 
micromeres of the animal pole 
and the macromeres lies a band 
of cells of intermediate size, 
known as the marginal belt: or 
germ ring. This region cor- 
responds to the region of the 
gray crescént. 

Vogt has demonstrated the 
fate of different regions of the 
amphibian blastula in normal 
development by marking them 
with such harmless dyes as Nile blue and neutral red. The stain 
persists long enough so that the migration of the dyed cell groups can 
be traced through gastrulation and even later. He has succeeded in 
mapping out the surface of the blastula into presumptive organ regions, 
as seen in the diagram (Fig. 47), which represents the organ-forming 
areas of the fire-toad (Bombinator igneus). Another anuran (Dis- 
coglossus) has been studied by Pasteels (1936) with similar results. 
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Fig. 46. Blastula of the frog. Sagittal sec- 
tion, X16. 


CLEAVAGE: THE CHICK 


In telolecithal eggs with meroblastic cleavage, such.as that of the 
fowl, only the protoplasm of the egg, 1.e., the blastodise, is divided, and 
the cleavage planes do not segment the yolk (Fig. 48). The first furrow 
commences at the animal pole and extends outwards towards the edges 
of the blastodise. The second is formed by two furrows, at right angles 
to the first, one in each blastomere, which grow towards the first furrow 
and also towards the edge of the blastodisc. They may join the first 
furrow at approximately the same point or at separate points, in which 
case a polar furrow is formed. These four cells are incomplete, as the 
furrows do not extend all the way to the yolk nor to the edge of the 
blastodise, but remain connected both below and at their margins. 
From this point on, cleavage is irregular. Some cleavage planes 
_ are circular and cut off central cells from marginal. These may be com- 
pared with the latitudinal planes of the holoblastic type. Others are 
radial, like the first and second. Still others are tangential and divide 
the central cells into upper and lower layers, as in the frog’s egg. 
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The blastula of the chick is a discoblastula. The blastoderm con- 
sists of an inner mass of micromeres completely separated from one 
another by cleavage planes, and an outer ring of macromeres which are 
partially separated from one another by incomplete radial cleavage 
planes only. These latter cells are in direct protoplasmic continuity 


C 


Fig. 48. Cleavage of the hen’s egg. A, first cleavage. B, second cleavage. C, 
third cleavage. D, later cleavage. All from animal pole. Approx. X12 (A, B, D, 
after Kolliker; C, after Patterson.) 


by means of an outer ring of undivided cytoplasm and a thin 
lower layer of undivided cytoplasm passing beneath the inner mass 
(Fig. 49). This undivided cytoplasm is called the periblast. The 
micromeres of the inner mass are separated from the underlying 
undivided periblast by means of a thin cleft which is the original 


blastocoel. 
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The blastoderm expands over the yolk, new cells being added to the - 
inner cell mass from the outer ring of cells. The periblast, contributing 
its cytoplasm to the formation of new cells in the outer ring, soon uses 
up all the material contained in the thin lower layer. Meantime its 
outer ring grows out over the yolk. With the disappearance of the 
lower layer of periblast, the cells of the inner mass form the roof of a 
cavity which includes the original blastocoel plus the space originally 
occupied by the lower layer of periblast. These cells form an area 
known as the area pellucida because it can be detached from the yolk 
without carrying any yolk particles and hence appears more trans- 
parent. The cells of the outer ring make up the area opaca, so-called 


Blastocoel Blastomeres Periblast 
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Fig. 49.. Section of early chick blastula. Compare Fig. 48D. (After Patterson.) 


because particles of yolk adhere to them when removed from the egg 
and render the region less transparent. As the ring grows outward, 
the cells at the extreme periphery are lifted slightly above the ‘yolk to 
form the margin of overgrowth. The cells just inside the margin of 
overgrowth, and still in contact. with the yolk, form the zone of junc- 
tion. Those just inside the zone of junction and recently added to the 
area pellucida are known as the germ wall (Fig. 73). 


CLEAVAGE: MAN AND OTHER MAMMALS 


The cleavage of the human ovum has not yet been observed, but in 
the egg of the monkey and rabbit the cleavage is clearly of the equal 
holoblastic type (Fig. 50). In the rabbit the first cleavage takes place 
about 223 hours after.coitus. It is equal and complete. The second 
cleavage follows in about 3 hours. Here the two cleavage spindles 
frequently lie at right angles to each other so that the four blastomeres 
assume the form of a cross. Cleavage is now irregular, 5-, 6-, 7-, and 
8-cell stages appearing in order. The 8-cell stage is attained about 32 
‘hours after coitus. There is now considerable difference in size, the 
largest blastomere being almost twice the size of the smallest. The 
16-cell stage is reached in another hour and a half. In reaching this 
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Fic. 50. Cleavage in mammalian egg. A, first cleavage. B, second cleavage. C, 

third cleavage. A, B, C, monkey. X170. (After Lewis and Hartman in Arey.) 

D, third cleavage. £, fourth cleavage. F, fifth cleavage. D, E, F,rabbit. 180. 
(After Gregory.) 


stage the cleavage of one blastomere is tangential so that there is 

always one cell completely enclosed. In later cleavages more tangen- 

tial cleavages occur, and this, with the shifting of the blastomeres 

upon each other, results in a ; 

solid mass of cells called a Embryonic knob 

morula. Albumen pales 
No human embryo in the 

blastula stage has been re- 

corded, so a description of 

the blastocyst of the rabbit 

will be given in its place. 

About 75 hours after coitus 

and while the egg is still in 

the oviduct, a cleft, the blas- Trophoblast 

tocoel, appears in the morula B 

apparently due to the ac- Fic. 51. Sections of rabbit blastocysts. 200. 

cumulation of fluid. This otter Crpeoty)- 

cavity extends rapidly until the trophoblast is separated from the 

embryonic mass. The separation is almost complete (Fig. 514), 

extending about 270° of the possible 360°. By this time the blastocyst 

has reached the uterus and the amount of fluid has greatly increased, 

expanding the blastocoel and stretching the trophoblast cells. The 
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embryonic mass flattens against the trophoblast, and the entire blasto- 
cyst increases greatly in size (Fig. 51B). This flattening of the 
embryonic mass is not characteristic of all mammalian blastocysts. 


GASTRULATION 


The vertebrate blastula becomes converted into a stratified embryo, 

or gastrula, through the migration of cells from the exterior to the 
interior of the embryo. In so doing the blastocoel is obliterated and 
replaced by a new cavity, the gastrocoel (archenteron). In forms with 
a coeloblastula like amphioxus and the frog, this cavity communicates 
to the exterior by means of an opening, the blastopore. In forms with 
a discoblastula, like the chick, or with a blastocyst, like the mammal, 
the blastopore is replaced by a longitudinal groove, the primitive 
streak. 
- During the cell migrations characteristic of gastrulation, the embryo 
frequently appears to have two layers. The cells left on the exterior. 
form the outer germ layer commonly known as ectoderm (ectoblast, 
epiblast). Those on the inside, lining the gastrocoel, form the inner 
germ layer, usually called the endoderm (entoderm, entoblast, hypo- 
blast). It is now generally recognized, since the presumptive germ 
layers have been identified in the blastula stage, that cells which will 
give rise to the middle germ layer, the chorda-mesoderm, consisting of 
the mesoderm (mesoblast) and notochord (chorda dorsalis) are tem- 
porarily associated with the inner layer to form mesendoderm (amphi- 
oxus, frog) or with the outer layer to form mesectoderm (chick, man). 
The middle layer soon separates itself from the endoderm or ectoderm 
with which it was temporarily associated. It is then seen to be com- 
posed of the notochord (chorda dorsalis) , an axial supporting rod found 
only in the vertebrates and their allies the protochordates, and two 
sheets of mesoderm on each side of the notochord. Later wandering 
ameboid cells, originating for the most part from the mesoderm, and 
known collectively as the mesenchyme, make their appearance. 

The student should note that in many elementary textbooks the 
middle germ layer is called the mesoderm and that the notochord 
is variously derived from mesoderm, endoderm (amphioxus and frog), 
and ectoderm (chick and mammals). This terminology dates back 
to the phylogenetic period of embryology (Chapter 1), when it was 
supposed that a blastula composed of undifferentiated blastomeres 
gave rise to a gastrula with two separate (primary) layers, and that 
the mesoderm and the notochord arose separately from one or the 
‘ other of the so-called primary layers, primitively from the endoderm. 
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Today it is generally recognized that the notochord arises in the same 
manner and at the same time as the mesoderm. To avoid the clumsy 
phrase, mesoderm and notochord, many writers are now employing 
the term chorda-mesoderm for the middle germ layer, and restricting 
’ the term mesoderm to the middle germ layer exclusive of the notochord, 
a usage employed in this book. 

In collateral reading the student will sometimes encounter the 
word endomesoderm used in connection with mesoderm “ originating 
from” endoderm. Similarly the word ectomesoderm is sometimes 
employed to designate mesoderm “ originating from ” ectoderm. Still 
other writers use the terms “ peristomial’”’? mesoderm, meaning meso- 
derm appearing in the region of the blastopore, and “ gastral ” 
mesoderm for mesoderm appearing to arise from the invaginated 
endoderm. But inasmuch as the material for the middle germ layer . 
can be located at the blastula stage and sometimes traced to definite 
blastomeres during early cleavage, this distinction is of small 
importance. 


GASTRULATION IN THE AMPHIOXUS 


The first indication of gastrulation is a flattening of the macromeres 
of the vegetal hemisphere (Fig. 52A). These cells divide less fre- 
quently and become more columnar, while the others divide more 
frequently and become more cubical or spherical in shape. This change 
in the shape and rate of division, says Conklin (1932), is apparently the 
principal cause of invagination (Fig. 52B), although it may be due 
also in part to the resorption of material from the blastocoel jelly, 
or to exosmosis, for the contents of the blastocoel become less viscous 
as gastrulation proceeds. 

In later stages of gastrulation the gastrula increases in length, owing 
to the backward growth of the lips of the blastopore (Fig. 52C). 
While this process is taking place cells are being rolled from the exterior 
to the interior (involution). The lips of the blastopore grow unevenly, 
the ventral lip finally turning upward to reduce the blastopore to a 
very small opening (Fig. 52D). Conklin expressly denies that this 
narrowing of the blastopore is caused by the growing together of the 
right and left halves of the dorsal lip (concrescence). The cells left 
on the exterior after gastrulation is complete are ectoderm. Those 
which have been carried to the interior are endoderm, and presumptive 
chorda-mesoderm. In late gastrulation the cells of the ectoderm de- 
velop cilia, by means of which the embryo rotates within its fertilization 
membrane. The cells of the mesoderm and notochord form the lip of 
the blastopore, the notochord cells at the dorsal lip, mesoderm at the 
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ventral and lateral lips. As the lips of the blastopore grow backward, 
these cells are carried to the interior by involution. 


Presumptive ectoderm 
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Fic. 52. Sections of amphioxus embryos during gastrulation. A, blastula (6 hours 
after fertilization). B, gastrula (9 hours). C, gastrula (12 hours). D, gastrula 


(14 hours). Animal pole indicated by presence of polocyte. Anteroposterior axis 
shown by arrow. All sagittal sections. »X180. (After Conklin.) 


When the ventral lip grows upward, the mesodermal crescent is 
tilted up behind so that its arms run in an anteroposterior direction at 
the angles between the dorsal and lateral sides of the blastopore. 
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A : 
Fia. 538. Optical hemisections of amphioxus gastrula (14 hours after fertilization). 


A, interior view of left half. B, posterior end to show notochord and mesodermal 
grooves. 166. (After Conklin.) 


From each point of the crescent a band of mesodermal cells grows 
forward, while between them the notochord also grows forward to form 
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a median band. Thus the roof of the gastrocoel is composed of three 
strips of chorda-mesoderm, mesoderm on each side, notochord in the 
middle. The cells of the mesodermal bands, being shorter than those 
of the notochord or endoderm, cause the bands to appear as grooves in 
transverse section (Fig. 538). The later fate of the gastrula will be 
discussed on page 103. 


GASTRULATION IN THE FROG 


The gastrulation of the frog embryo has been interpreted in various 
ways by different investigators. The earlier accounts were based on 
the supposition that the embryo passed through a two-layered stage 
consisting of ectoderm and endoderm and that later the notochord and 
mesoderm split off (delami- 
nated) from the endoderm. Vogt, 
after his work on gastrulation 
in the urodele amphibia (1925), 
in which he followed the move- 
ments of the organ-forming if \ 
areas of the blastula by means 20 PN N Dorsal lip 
of vital dyes, (Fig. 54), studied 
the gastrulation of an anuran 
(Bombinator). Later Pasteels 
(1937) confirmed these results 
using another anuran (Dvis- 
coglossus). The organ-forming 
areas in the blastula of the frog 
(Rana) and their subsequent ya. 54. / Diagrams of the 7’riton egg show- 
migrations have not yet been ing movement of surface areas stained with 


studied by the Vogt technique. Nile blue and neutral red during gastrula- 
tion. Areas on surface shown with sharp 


In the account which follows outline, those on interior without outline. 
it is assumed that the blastula (After Vogt.) 

has the same organ-forming 

areas as other anura (Bombinator and Discoglossus) and that the 
movements of these areas are also essentially similar. 

In reading the following account of gastrulation we should make 
frequent reference to the illustrations. Surface views of the embryo 
during gastrulation are shown in Fig. 45. Photographs of sagittal 
sections are illustrated in Fig. 57. Interpretation of the surface views 
according to the findings of Vogt and Pasteels is presented in Fig. 55, 
and a similar interpretation of the sections is given in Fig. 57. 

The first stage in the gastrulation of the frog is the formation of a 
groove on what will later be the dorsal side of the embryo in the region 
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formerly occupied by the gray crescent (Fig. 45). The location of 
the groove is 23° below the equator of the blastula. Along this groove, 
cells are pushed into the interior (involution), while at the same time 
the cells immediately above the groove are growing down over the 
surface of the embryo to cover them (epiboly). In this way a two- 
layered fold is produced at the dorsal lip of the blastopore (Fig 57). 

As the two-layered fold grows down over the cells of the vegetal 
hemisphere, it extends laterally, thus forming the lateral lips of the 
blastopore (Fig. 45). And, since it is covering a spherical surface, 
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Fic. 55. Surface maps of stages in gastrulation of the frog. All from left side. A, 
dorsal lip stage (10). B, lateral lip stage, midgastrula (11). C, ventral lip stage, 
late gastrula (12). D, neurula, yolk plug stage (13). 


the ends of the fold eventually meet to form the ventral lip (Fig. 45, 57). 
Epiboly and involution take place at all points on the lip of the blasto- 
pore, but chiefly at the dorsal lip, which moves approximately 65° 
around the egg. At this time the egg presents the appearance of a 
black sphere with a small white circular area, known as the yolk 
plug. 

As a direct result of the fact that the small cells of the marginal 
zone grow over the larger blastomeres and roll in at the dorsal lip, it 
is obvious that they must also converge towards the median line at the 
dorsal lip, which may be thought of as a bottleneck. Once inside the 
bottleneck they tend to diverge from the median line.‘ These move- 
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ments are illustrated in Fig. 56. To these four types of movement, 
epiboly, involution, convergence, and divergence, must be added a fifth, 
elongation, or grow th in length, which prevents a heaping up of niaterin 
in the median line. 

With these mass movements tak- 
ing place during gastrulation, the 
history of the organ-forming areas 
may now be followed. Just before 
the appearance of the dorsal lip, the 
area formerly occupied by the gray [ 
crescent, marginal zone, is presump- | 
tive chorda-mesoderm, with the noto- 
chord occupying the median portion 
(Fig. 554, 57A). Below the mar- 
ginal zone is the white presumptive 
endoderm with its large yolk-laden 
cells. Just below the presumptive 
notochord is a small area of endoderm 
which will naturally undergo involu- 
tion before the notochord and is 
known, from its final location, as the 
prechordal plate. Above the mar- 
ginal zone is the ectoderm, of which 
the material later destined to form 
the neural plate forms a crescent 1m- 
mediately adjacent to the presump- 
tive notochord. 

When involution commences at 
the dorsal lip of the blastopore, the »,, 


:. 56. Diagrams to show direction 
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dodermal (Fig. 55B,57B). This will gastrulation. A, from posterior sur- 


face. B, from left side. Thick lines 
on exterior surface. Thin lines on in- 
terior. (After Vogt.) 


form the anterior wall and sides of 
the gastrocoel. The roof in the mid- 
line will be formed by the prechordal 
plate. This will be followed by the notochord in the midline, with a 
wing-like extension of mesoderm on either side. As the chorda- 
mesodermal crescent undergoes involution, the presumptive neural plate 
will undergo convergence and elongation as it moves towards the dorsal 
lip (epiboly). In this way it will come to lie over the chorda-mesoderm 
(Fig. 55C, 57C). By this time the ventral lip of the blastopore has 
been formed, and the gastrocoel is still a slit-like cavity. The huge 
yolk-laden cells of presumptive endoderm. which appear externally as 
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Fia. 57. Sagittal sections of frog embryos in gastrulation. A, dorsal lip. B, lat- 


eral lip. C, ventral lip. D, neurula. 22. Photographs by George Svihla. 
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a large circular yolk plug, continue inward to form the floor of the 
gastrocoel. ‘They are in direct continuity with the smaller endodermal 
cells which were the first to undergo involution. 

The gastrocoel now expands at the expense of the blastocoel (Fig. 
57D), which is either pressed out of existence or merged with the 
gastrocoel by the rupture of the thin partition separating them. The 
yolk-plug has withdrawn into the interior as the lips of the blastopore 
close together. This closing process commences at the dorsal side, and 
the two lateral sides of the blastopore press together to form a short 
slit (sometimes called the primitive streak). The blastopore closes 
last of all at the ventral extremity of the slit. It is claimed that in 
some species of frogs the ventral portion of the slit remains open and 
will later form the anus, but this is not the case with the Rana pipiens 
material studied by the author. In the closing stages of gastrulation 
the rearrangement of the heavy yolk-laden cells brings about a rotation 
of the gastrula, of approximately 80°, so that the blastopore is now at 
the posterior end of the embryo (55D). 

During this period, the neural plate and notochord are greatly 
elongated. Mesoderm turned in at the ventral lip of the blastopore 
unites with that from dorsal and lateral lips, but there is still a circular 
area (mesodermal lacuna) in which ectoderm and endoderm are in 
contact. Cells from the endodermal lateral walls of the gastrocoel are 
growing upward, under the mesoderm, to form a new roof of endoderm, 
but there is still a strip roofed only by notochord. This is known 
as the endodermal lacuna, (dorsal lacuna, Daleq and Gerard) which 
disappears by the continued upward growth of the endoderm during 
neurulation (page 105). 


GASTRULATION IN THE CHICK 


The gastrulation of the chick is accomplished in two stages. In the 
first of them, the endoderm separates from the mesectoderm. During 
the second, a primitive streak appears, and from this streak the chorda 
mesoderm cells move inward between the endoderm and ectoderm. 

There is considerable difference of opinion as to the precise manner 
in which the first stage of the process is accomplished. Most textbooks, 
including earlier editions of this one, have described the process as it 
takes place in the pigeon’s egg according to Patterson (1909). More 
recently a number of investigators have challenged this account, at least 
for the hen’s egg, the most detailed description being that of Pasteels 
(1937). While the author prefers Pasteels’ theory, he will also set forth 
Patterson’s for comparison. ‘ 
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Patterson’s account. The first indication of gastrulation is the 
thinning of the blastoderm at the posterior end and the complete 
separation of the cells from the yolk at that region (Fig. 58A). In 
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Fie. 58. Surface views to show three 
stages in the gastrulation of the hen’s egg. 
(After Patterson.) 


other words, there is a crescentic 
area, sities, a quarter of the cir- 
cumference, of the blastoderm 
which lacks the zone of junction 
completely. Here the cells roll 
inward (involution) (Fig. 59) 
and multiply until they have 
spread completely under the 
upper layer to roof in the old 
blastocoel and convert it into the 
new gastrocoel, whose floor is 
made up of undivided yolk. 
The slit-like opening where the 
zone of junction disappeared is 
compared to the blastopore, and 
the rim along which involution 
took place is considered the dor- 
sal lip. 

There is very little overgrowth 
at the dorsal lip while involution 
is taking place, and consequently 
the edges of the blastoderm on 
either side swing around to en- 
close the lip region in the ad- 
vancing germ wall. In this way 
the blastopore is compressed 
laterally and concrescence (Fig. 
60) takes place. 


Pasteels’ account. On the sur- 
face of the blastoderm, before 
gastrulation takes place, the area 
pellucida is surrounded by the 
area opaca. Within the area 
pellucida a vaguely delimited 
line marks off the embryonic 


area ‘eae the extra- -embryonic area (Fig.61A). Within the embryonic 
area, there is a region (without sharp boundaries) distinguished as 
the area of presumptive endoderm. During the first hours of incuba- 


Fic. 59. Sagittal section through early gastrula of pigeon (36 hours after fertiliza- 
tion). Posterior half of section only. d.b., dorsal lip of blastopore. (From Richards 
after Patterson.) 
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Fic. 60. Diagrams showing four stages in the process of concrescence. 
(After Lillie.) 
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Fic. 61. Polyinvagination in the chick blastodisc. A, diagram to show area of 
polyinvagination. B, section of unincubated blastoderm.. C, enlargement of area 


marked Cin 61 B. (After Dalcq from a preparation of Pasteels.) 
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tion, small grooves appear in the endodermal area. Sections (Fig. 61B) 
show that these grooves niark the places where cells are migrating to 
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Fig. 62. Map of the organ-forming areas of the chick embryo following the forma- 
tion of the primitive streak. A, before incubation and after polyinvagination. B, 
about 8 hours of incubation. C1, about 15 hours of incubation, left half, upper layer. 
C2, same stage, right half, lower layer. D1, about 24 hours of incubation, left half, 
upper layer. D2, same stage, right half, lower layer. (After Pasteels, modified.) 


the interior and joining together to form a continuous layer of endo- 
derm. To this process the name of polyinvagination has been applied. 

Whether the endoderm is formed by involution (Patterson) or poly- 
invagination (Pasteels), the embryo is now composed of endoderm 
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(lower layer) and ectomesoderm (upper layer). Pasteels, Hoadley, 
Willier, and others have worked on the organ-forming areas of the 
embryo at this stage and, while the accounts differ in minor details, 
the general organization of the embryo is fairly well agreed upon. For 
this account we shall use the description of Pasteels, according to whom 
the greater part of the embryonic area is now composed of the ectoderm 
(Fig. 624). A crescentie region occupying the posterior part of the 
ectodermal area is the presumptive neural plate. Immediately posterior 
to this is another crescent with the presumptive notochord in the cen- 
tral portion. Immediately posterior to the presumptive notochord 
comes the prechordal plate, separating two wings of presumptive meso- 
derm which will give rise to the somites. Behind this crescent is the 
area of presumptive lateral mesoderm. 
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Fig. 63. Blastoderm of chick to show early stage in development of notochord. A, 
surface view at 20 hours (after Duval). 8B, transverse section, left half only. C, 
sagittal section. (B, C, after Lillie.) 


The embryonic area elongates while the cells of which it is composed 
converge towards the midline, heaping up to form an axial primitive 
streak. In a more advanced embryo the primitive streak is differenti- 
ated into primitive groove in the middle, primitive folds on either 
sides, a primitive pit at the anterior end of the groove, and a primitive 
(Hensen’s) node in front of the pit where the primitive folds unite 
(Fig. 63). 

At the anterior end of this streak, the wings of the neural and meso- 
dermal crescents have turned towards the midline (Fig. 63B). Now the 
material nearest the primitive streak migrates downward and turns 
outward between the upper and lower layers. At the anterior end 
(primitive node) the prechordal plate turns in first, followed by the 
notochord (formerly known as the head process (Fig. 63C). At the 
sides the lateral mesoderm turns in first, followed by the axial meso- 
derm. The mesoderm of the future tail bud turns in at the posterior 


98 EARLY EMBRYOLOGY 


end. During this process the embryo elongates, and the primitive 
streak seems to be drawn towards the posterior end, with the result that 
the wings of neural plate close together in front of it (Fig. 63D). The 
embryo at this stage may be compared with the neurula of the frog. 


GASTRULATION IN MAN 


The mammalian blastocyst at the time of implantation consists of an 
outer layer of trophoblast and an inner embryonic mass. No human 
embryo in this stage of development has yet been described. In the 
rhesus monkey, however, Streeter (1938) has shown that just prior 
to implantation the embryonic mass consists of three kinds of cells. 
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Fig. 64. Early primate embryos during germ layer formation. A, monkey (8 days), 
before implantation 370 (after Streeter). B, human (12 days), after implantation 
200 (after Hertig and Rock). C, human (15) days X130 (after Brewer). 


A thin layer of cells (Fig. 64A) on the side of the mass away from its 
point of attachment to the trophoblast represents the endoderm. Cer- 
tain large cells are interpreted as “ formative cells ” which will give rise 
to the rest of the embryo proper. Joining the trophoblast are smaller 
“polar” (nodal) cells, whose fate will be discussed in a later section 
(page 181). 

The origin of the endoderm is still uncertain, some writers considering 
that it takes place by splitting (delamination), others by the wandering 
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-of certain cells out of the mass before combining to form the endodermal 
layer. In later stages the formative cells flatten out to form with the 
endoderm cells underlying them, an embryonic disc. Above the 
disc a space appears which is the precursor of the amniotic cavity, 
to be discussed in a later chapter (page 124). 

The youngest human embryo yet described, Hertig-Rock ( 1941), is 
about eleven days old (Fig. 65). The embryonic dise consists of 
a thick layer, which may be considered embryonic mesectoderm, 
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Fig. 65. Section through human embryo (Hertig-Rock, 7699) just after implanta- 
tion. Estimated age, 11 days. X100. (From Contributions to Embryology, Vol. 29, 
Carnegie Institution of Washington, by permission.) 


and a thin layer of endoderm. An amniotic cavity is present, and 
the trophoblast consists of an outer syncytial plasmatrophoderm 
(syneytiotrophoderm, plasmatrophoblast), a cellular cytotrophoderm 
(cytotrophoblast), and delicate cells growing into the cavity of the 
blastocyst. These latter cells have been interpreted as extra-embryonic 
mesoderm. It is difficult to avoid the conclusion that the trophoblast 
is a layer of extra-embryonic mesectoderm, precociously separated in 
accordance with the process of implantation. In comparison with the 
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early gastrula of the chick, the trophoblast may be compared to the. 
area opaca, the embryonic disc to the area pellucida. The endoderm, 
possibly by the formation of a slit-like cavity which later enlarges, is 
transformed into a vesicle (Fig. 64C). 
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Fic. 66. Human embryo in primitive streak stage. A, surface view. B, sagittal 
section. 50. (After Heuser.) 


In later human embryos a primitive streak appears in the embryonic 
disc, much as it does in the chick (Fig. 66A). In this streak there is 
a well-marked primitive groove terminating in a primitive pit at the 
anterior end. Just in front of the pit is the primitive (Hensen’s) node. 
In a longitudinal section (Fig. 66B) it can be seen that the primitive 
node marks the point from which the notochord, preceded by the pre- 
chordal plate, has grown forward. The notochord at this stage is 
hollow with a prominent notochordal canal which opens to the exterior 
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by means of the primitive pit. In the days of phylogenetic embryology 
there was much argument as to whether this pit represented a persistent 
blastopore or neurenteric canal. In any case it soon disappears through 
the disintegration of the cells which form its floor. The embryonic 
mesoderm grows oyt from the sides of the primitive streak as in the 
chick. With the backward growth of the primitive node, the length of 
embryo is increased. 

While, for obvious reasons, the human embryo has not been mapped 
with vital dyes, there is no reason to suppose that the areas are not 
similar to those described for the chick blastoderm. 


NEURULATION 


The neurula is a term originally applied to the amphibian embryo 
at the time when the neural plate first became visible. More recently 
authors have come to use neurulation as a convenient expression to 
describe the period during which the neural plate is transformed into 
the neural tube. This process takes place by the formation of neural 
folds at the margin of the neural plate. As the folds rise and arch 
over toward the midline, a neural groove develops between them. 
Finally the folds meet, converting the groove into a tube. The inner 
layers of the folds fuse to form the lining of the tube while the outer 
layers become the epidermal covering of the region. The cells where 
inner and outer layers were originally continuous are cut off between 
the tube and its epidermal covering to form a band of tissue known as 
the neural crest (Fig. 159). 

During the period of neurulation the gastrula i is transformed into an 
early embryo with the cylindrical shape characteristic of the verte- 
brate body. 


Growth in length. There are in general two methods of growth by 
which the cylindrical shape is attained. In the first, characteristic 
of small-yolked eggs with a spherical gastrula, the main factor is 
growth in length, along the anteroposterior (cephalocaudal) axis. In 
the second type, which is characteristic of large-yolked eggs, the embryo 
is modeled from a flat disc into the form of a cylinder connected with 
a great yolk sac by some sort of pedestal or stalk. Much of this 
modeling is done by the outgrowth of the head and the tail respectively, 
especially among the anamniote vertebrates, but there is also some actual 
undercutting, especially evident among the Amniota. This under- 
cutting is accompanied by the formation of amniotic folds, as will be 
seen in the development of the chick. A diagram of cross-sections 
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through the body of a small-yolked embryo (Fig. 67A) and a large- 

yolked embryo (Fig. 67B) will make clear the difference between the 

cylindrical embryo and the plate-like embryo before it has been 
remolded. 


aan Neural tube i 4 
(C325 Notochord Rote Metamerism. With 
ie ee Coelom 25 z ely growth in length is associ- 


Gut ><> & : ‘ 
‘A ee . ated a second factor in 


/ the development of the 
; vertebrate body, that of 
Seeeesee metamerism. This is first 

4 ® indicated by the appear- 

Fia. 67. Diagrammatic transverse sections show- ance of metameres such as 


ing effects of yolk on form of embryo. A, small- thescrterococlas ach ennte 


Iked b f cel -yolked b ; : ; 
ee te PE syste tae Weise phioxus or somites in the 


true vertebrates. In later 
organogeny are found further evidences of metamerism in the nervous 
system, nephric system, vascular system, and others. However, the 
primary metamerism of the body is shown in the mesoderm. The 
somites are formed successively, commencing at the anterior end and 
therefore affording a basis of classifying the early embryos of any 
species by the number of these units present. 


General plan of the body. The body of the vertebrate is basically 
a tube within a tube, 1.e., a digestive tube within a body tube. 

The digestive tube is endodermal in origin and originates from the 
gastrocoel. The small-yolked form has a tubular intestine from the 
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Fia. 68. Diagrammatic sagittal sections showing effects of yolk on form of embryo. 
A, small-yolked embryo (frog). B, large-yolked embryo (chick). 


beginning. It is only necessary to form anterior and posterior openings, 
for the blastopore either closes or is roofed in by the neural folds. The 
new openings arise from ectodermal pits, the stomodeum at the anterior 
end, the proctodeum at the posterior end. (Fig. 684). In general these 
openings are not completed until after the yolk has been wholly con- 
sumed. The gastrocoel of large-yolked embryos has only a roof and 
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sides of endoderm, for the floor is composed of the yolk. Hence the 
rolling in or undercutting of the body commencing at the head end, 
and later at the tail end, forms a pocket at each end, the fore-gut and 
hind-gut respectively (Fig. 68B). The mid-gut is the remainder of the 
open gastrocoel connected with the developing yolk sac by means of 
- the yolk stalk. 

Between the two tubes lies the mesoderm. The ventral mesoderm 
of small-yolked embryos (lateral of large-yolked forms) splits into a 
somatic and splanchnic layer. The first of these is closely applied to 
the ectoderm to form the somatopleure; the second is associated with 
the endoderm to form the splanchnopleure. The space between is 
the coelom or body cavity. 


The head. The vertebrate body is distinguished by a well-marked 
region at the anterior end, containing the mouth, visceral arches, special 
sense organs (nose, eye, and ear), and the highly developed brain. 
Herein the amphioxus differs from the vertebrates, for it has so little 
head that some zoologists make a special group (Acraniata) to con- 
tain it. 

The anterior end of the body is the region where the neural folds first 
arise and where they first meet. It is the first part of the body to be 
freed of the yolk in the large-yolked embryos. This region contains the 
fore-gut, from which, among other structures, the pharynx is formed. 
Here accordingly are found the visceral (pharyngeal, “ gill’) clefts 
or their representatives. 


The tail. All vertebrate embryos, even those of species in which 
the adult is tailless (frog, man), possess a tail in early stages. This 
region is characterized by the absence of a digestive tube and coelom. 
The tail arises from a caudal bud appearing at the point where the 
posterior ends of the neural folds fuse together immediately above the 
point where the cloaca will open. Here the cells are small, their di- 
vision rapid, and the various structures appear suddenly, so that the 
contributions of the several germ layers cannot well be distinguished. 


The appendages. The paired appendages of vertebrates arise as 
buds, which later develop into fins or limbs. 


NEURULATION IN THE AMPHIOXUS 


During gastrulation the area of the chorda-neural crescent nearer 
the blastopore was turned inward to form the notochord plate. 

The cells of the chorda-neural crescent remaining on the exterior of 
the embryo give rise to the neural plate on the dorsal surface. A 
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longitudinal fold arises on either side of this plate (Fig. 69B) and grows 
towards the midline to fuse over the neural plate (Fig. 70B) 7 At the 
posterior end of the embryo the folds unite with the ventral lip of the 
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Fie. 69.. Sections of amphioxus embryo (19 hours after fertilization). A, para- 
sagittal section. B, transverse section. 166. (After Conklin.) 


blastopore, which here consists solely of ectoderm. In this way the 
neural plate comes to form the floor of a tube which is open at the 
anterior end (anterior neuropore), and communicates with the gastro- 
coel at the posterior end by a short passage (neurenteric canal) (Fig. 
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Fie. 70. Sections of amphioxus larva (244 hours after fertilization). A, frontal 
section. JB, transverse section. 166. (After Conklin.) 


694A). The folds referred to correspond only to the outer (epidermal) 
portions of the neural tube in the frog and other vertebrates, for the 
inner (neural) portions do not appear until a later stage (Fig. 70B). 
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A longitudinal groove in the notochord plate deepens (Fig. 69B) and 
the folds on either side come together to form a solid cord separate from 
the ectoderm above and the mesoderm on either side (Fig. 70B). The 
mesodermal grooves also become deeper. Transverse constrictions 
meantime appear in the lateral grooves, which divide them into a series 
of pouches (enterocoels). Finally these pouches are constricted off 
from the gastrocoel and become the paired somites (Fig. 70A). 

The endoderm, which formerly occupied the floor and anterior: end 
of the gastrocoel, extends upward to form new sides and a new roof. 
The gastrocoel, now for the first time completely lined with endoderm, 
is the primordium of the digestive tube. 

With this section, our account of the early development of amphioxus 
will be concluded, as in later development it diverges widely from that 
of the vertebrates. 


NEURULATION IN THE FROG 


During this period the egg of Rana pipiens elongates until it is ap- 
proximately 2.5 to 2.7 mm. in length. Some of the epidermal cells 
develop long cilia, by the aid of which the embryo rotates slowly inside 
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Fia. 71. Neurulation in the frog embryo. X10. (From Shumway, Anatomical 
Record 78 : 148.) 


its envelopes of jelly. The neural plate (Fig. 71) forms typical folds 
which are more widely separated at the anterior end. The folds meet 
in the midline and finally fuse to form a neural tube. In the head 
region, on either side and in front of the neural plate, is the sense 
plate, from which the primordia of the nasal pit, lens of the eye, and 
inner ear will develop. Posterior and lateral to the sense plate is 
the gill plate in connection with which the visceral grooves (furrows) 
appear. The first is. between the sense plate and gill plate. The fifth 
is posterior to the gill plate. At a later stage the second, third, and 
fourth will appear, in the order named, on the gill plate itself. 
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On the ventral side of the head, while the neural folds are forming, 
two pigmented bands (Lieberkind, 1937) of ectoderm thicken to give 
rise to the oral suckers, adhesive, cement-forming glands by means of 
which the embryo attaches itself to the egg jelly or other objects after 
hatching. Between these bands a longitudinal groove represents the 
stomodeum which will invaginate at a later stage to open into the 
fore-gut and form the mouth. The proctodeum, on the other hand, is 
represented by a pit which has persisted since the closing of the blasto- 
pore and invaginated while the neural folds were closing. In this way 
communication was established with the hind-gut to form the cloacal 
aperture or vent. 

Sections through the stages just described show that the ectoderm 
has split into two layers, a thin outer epidermal layer and an inner 
thicker nervous layer (Fig 72A). The appearance of the neural plate 
is due to the thickening of the nervous layer of the ectoderm, most 
marked in the region from which the neural crests will form. <A: 
similar thickening of the nervous layer is seen in the sense plate and gill 
plate. This nervous layer of the ectoderm moves towards the midline 
from either side, heaping up to make the neural folds (Fig. 72B). It 
increases rapidly in thickness especially on the median side of each fold, 
thus elevating the folds (Fig. 72C), causing them to arch over, and 
eventually to fuse (Fig. 72D). 

The roof and sides of the gastrocoel are first covered with chorda 
mesoderm, the position of the notochord marked by a median thicken- 
ing (Fig. 72A). The wings of endoderm are seen growing up to form 
the new roof (Fig. 72B). In this stage they are separated only by the 
lower portion of the notochordal band which is still attached to the 
mesoderm on either side, and now unites with the endoderm. This part 
of the notochordal band later (Fig. 72C) loses its connection with the 
remainder of the notochord, the mesoderm, and endoderm and will be- 
come the hypochord, or subnotochordal rod (Fig. 72D), which is found 
only in amphibian embryos during early stages. -Its evolutionary 
significance and function are both unknown . 


NEURULATION IN THE CHICK 


This term may be applied to the period during which the neural 
folds are forming, i.e., up to the time the neural folds have met in the 
head region (24 hours) (Fig. 73). 

The first indication of the formation of the neural plate is seen in a 
thickening of the ectoderm in the midline of the body overlying the 
notochord and in front of the primitive streak. Around the anterior 
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and lateral margins of this plate, the neural folds appear, much as in 
the frog except that no division of the ectoderm into epidermal and 
nervous layers is apparent. At the end of the first day the neural folds 
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Gas: Diagrams to show embryonic and extra-embryonic areas of chick embryo 
at 24 hours of incubation, Above, surface view. Below, transverse section. 


have come together in the head region (Fig. 215). The body of the 
chick is cut off from the blastoderm by the outgrowth of a head fold 
accompanied by an undercut, the subcephalic pocket, which appears 
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soon after the neural folds. The head fold extends backward in the 
form of an inverted U as the lateral folds arise. These are also 
accompanied by undercuts known as the lateral sulci. <A tail fold 
does not arise until later. 

The formation of a head fold involves both ectoderm and endoderm. 
The endodermal pocket so produced is the primordium of the fore-gut 
and its opening is called the anterior intestinal portal (Fig. 222). 

The backward movement of the primitive node prolongs the noto- 
chord towards the posterior end as it is growing forward at its anterior 
end. Thus it comes to lie between the sheets of mesoderm. In these 
sheets transverse constrictions appear next to the notochord, thus 
cutting off somites, pair after pair, until the first six pairs have been 
formed at the end of the first 24 hours. Beyond the somite region 
the mesoderm delaminates into an upper layer of somatic mesoderm 
next the ectoderm and a lower layer of splanchnic mesoderm next the 
endoderm. This split does not extend all the way to the somites, leav- 
ing a short strip of intermediate mesoderm which is neither segmented 
nor split. The segmented region corresponds to the epimere of the 
frog, the intermediate zone to the mesomere, and the delaminated layer 
to the hypomere. -It is to be noted that the mesodermal wings at the 
24-hour stage have grown forward and united in front of the head 
fold, leaving an area devoid of mesoderm, a region known as the 
proamnion. 


Fig. 74. Growth of the humanembryo. A, neural folds (after Ingalls). B, neural 
tube commencing, seven somites (after Payne). C, ten somites, (after Corner). 
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NEURULATION IN MAN 


The embryonic disc of the human embryo corresponds to the area 
pellucida of the chick. In it a head fold and neural folds form in a 
manner also essentially similar (Fig. 744). There is a fore-gut and 
anterior intestinal pocket. The mesoderm develops axial, intermediate, 
and lateral regions, and, in the axial region, the first six pairs of somites 
have been formed by the end of the third week (Fig. 74B). 


SUMMARY 


During cleavage the fertilized egg is divided into a large number of 
daughter cells or blastomeres which arrange themselves about a cavity 
to form the blastula. The pattern of cleavage and the form of the 
blastula vary according to the amount and distribution of the yolk in 
the fertilized egg. The organ-forming regions of the fertilized egg are 
segregated into different groups of cells which compose the organ- 
forming regions of the blastula. 

During gastrulation, the blastomeres are reorganized into different 
strata or germ layers about a new cavity, thus forming a gastrula. 
The method of gastrulation varies according to the type of blastula 
formed after cleavage. The layers segregated during gastrulation are 
the ectoderm, the endoderm, and the middle germ layer or chorda 
mesoderm, including the notochord and the mesoderm proper. 

While the germ layers are being segregated from each other the 
primordia of certain organs are arising from their respective presump- 
tive regions. Thus the notochord is. separated from the mesoderm 
proper, the neural plate from the presumptive epidermis. In the meso- 
derm proper, the somites begin to take form, and the somatic layer 
separates from the splanchnic to form the coelom. This is the period 
of neurulation. ; 


CHAPTER 6 
EMBRYONIC FORM AND EXTRAEMBRYONIC STRUCTURES 


While the germ layers are being segregated, the primordia of several 
great organ systems are localized. Before proceeding to an account of 
the way in which the organ systems develop from the different germ 
layers (organogeny), we must examine the way in which the vertebrate 
body assumes its form. This is found to be closely connected with 
certain structures (adnexa) which develop also from the germ layers 
and play an important part in embryonic (and fetal) life, but which 
are discarded before hatching (or birth). These extra-embryonic struc- 
tures are the yolk sac, the amnion, chorion, and allantois, as well as a 
structure found only in the mammals, the placenta. 


EMBRYONIC FORM 


In the preceding chapter, under the discussion of neurulation, we 
have described the body form of the early embryo. In the following 
paragraphs will be found a short sketch of the external embryonic 
characters in later development. These include the primordia of the 
sense organs located in the head, nose, eye, and ear; the stomodeum 
and proctodeum; the visceral clefts and arches; the limb buds and 
the tail. 


EMBRYONIC FORM, FROG 


After the formation of the neural tube, frog embryos have been 
arranged in series according to their length. It has long been known 
that the embryos of different species of frogs vary so much in body 
length that it is hard to compare them on this basis. Accordingly, 
stages have been described for Rana sylvatica (Pollister and Moore, 
1936) and for Rana pipiens (Shumway, 1940). The stages for R. 
pipiens (Figs. 45, 71, 75, 76) are: 


Unfertilized egg. 

Fertilized egg (gray crescent). 
Two-cell stage. 

Four-cell stage. 

Hight-cell stage. 
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6. Sixteen-cell stage. 
7. Thirty-two-cell stage. 
8. Mid-cleavage stage. 
9. Late cleavage stage. 
10. Dorsal lip (early gastrula) stage. 
11. Lateral lip (mid-gastrula) stage. 
12. Ventral lip (late gastrula) stage. 
13. Neural plate (neurula) stage. 
14. Neural fold stage. 
15. Stage of rotation (late neural folds). 
16. Neural tube stage. 
17.. Tail-bud stage. 
18. Stage of muscular response (to mechanical stimulation). 
19. Stage of heart beat (and gill buds). 
20. Hatching stage (capillary circulation in first gill). 
21. Stage of mouth opening (cornea of eye transparent). 
22. Stage of tail fin circulation. 
23. Opercular fold stage. 
24. Operculum over right gills. 
25. Operculum complete. 


On either side of the head the optic vesicles, the primordia of the 
eyes, push out from the brain and make well-marked bulges. The 
ectoderm immediately external to each optic cup will later give rise 
to the lens of the eye. Anterior to each eye is a depression in the 
ectoderm, the nasal (olfactory) pit. These pits are the primordia of 
the nose. Posterior to each eye a similar otic (auditory, acoustic) pit 
originates, the primordium of the inner ear. On the ventral side, folds 
of ectoderm rise to form the oral suckers. Between them there appears 
an ectodermal pit called the stomodeum or primordium of the mouth. 
On the ventral side of the body, just anterior to the base of the tail, 
is a similar pit, the proctodeum, or primordium of the cloacal opening. 

On the sides of the head five dorsoventral grooves appear (in the 
order I, V, IZ, HI, IV)... These are the visceral (branchial, “ gill ”) 
grooves, some of which will later break through into corresponding out- 
pushings from the fore-gut, the visceral (pharyngeal, “ gill ”) pouches, 
to form the visceral (pharyngeal, “ gill”) clefts. For the present we 
need simply note that they separate six transverse bars or ridges which 
are known as the visceral arches. Each visceral arch contains an aortic 
arch. Arch I (mandibular) contributes to the formation of the jaws. 
Arch II (hyoid) contributes to the gill cover (operculum) and to the 
support of the tongue. Arches III, IV, and V are often known as 
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Fic. 75. Stages in development of frog after neurulation. <7}. (From Shumway, 
Anatomical Record 78 : 145.) 
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Fia. 76. Stages in development of frog, continued from Fig. 74. 72, 
Shumway, Anatomical Record, 78 : 147.) 
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branchials 1, 2, and 3, respectively. On arches III, IV, and V develop 
outgrowths which become the external gills (branchiae). That on V 


PHARYNGEAL DeERIVATIVES 


Pouches Arches Clefts Aortic Grooves 
(From endoderm) Arches (From ectoderm) 
Visceral Aortic 
arch I arch [ 
(mandibular) 
Visceral Visceral Visceral 
pouch I cleft I groove I 
(hyomandibular) (spiracle of 
elasmobranchs) 
Visceral Aortic 
arch IT arch II 
(hyoid) 
Visceral Visceral Visceral 
pouch IT cleft II groove II 
Visceral Aortic 
arch III arch III 
(1st branchial) 
Visceral Visceral Visceral 
pouch IIT cleft III groove IIT 
Visceral Aortic 
arch IV arch IV 
(2nd branchial) 
Visceral Visceral Visceral 
pouch IV cleft IV groove IV 
Visceral Aortic 
arch V arch V 
(3rd branchial) 
Visceral Visceral Visceral 
pouch V cleft V groove Vv 
Visceral Aortic 
arch VI arch VI 
(4th branchial) 
Visceral Visceral Visceral 
pouch VI cleft VI groove VI 


(vestigial in frog) (lacking in frog) (lacking in frog) 
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is rudimentary. Later an opercular fold grows from arch II to cover 
the external gills completely on the right, but with an opening on the 
left known as the opercular aperture. While this is taking place the 
erooves between arches II, III, IV, and V break through and join the 
corresponding visceral pouches to form the visceral clefts. Internal 
gills (demibranchs) develop in the clefts, and the external gills dis- 
appear. Meantime the mouth has opened and developed horny jaws. 

The tail arises by the backward growth of the tissue in the neural 
folds (Bijtel) at the point where they united over the blastepore. The 
notochord and neural tube grow backward, carrying epidermis and 
muscle-forming material with them. Dorsal and ventral folds make 
their appearance in the tail to form the tail fin. 

The paired limbs arise as limb buds. Although the posterior buds are 
the first to make their appearance, the anterior buds arise first but are 
concealed: beneath the operculum until the time of metamorphosis. 
The one on the left side appears first, pushing through the opercular 
aperture. = 


EMBRYONIC FORM, CHICK 


The developmental stages of the chick are usually expressed in 
number of hours of incubation at 103° F., but, since Lillie (1908) 
pointed out the value of the somite number as an index of develop- 
ment, this method has been employed by many investigators. 

The head fold of the chick appears with the neural folds, so that 
the head is lifted above the blastoderm at 24 hours of incubation 
(6 somites). Finally there is a posterior tail fold accompanied by 
a subcaudal pocket appearing on the third day. Outgrowth at the 
folds, with some undercutting as well, causes the body of the embryo 
to stand up from the surrounding blastoderm to which it is attached 
by a short pedestal, the umbilical stalk. The head bends down sharply 
at the cephalic flexure, but, pressing against the yolk, it turns or 
twists toward the right, so that the left side of the head rests on the 
yolk (Fig. 77C, D). The ventral bend is known as flexure, the dextral 
twist is known as torsion. Flexure and torsion commence in the middle 
of the second day of incubation, and continue in a caudal direction until, 
at the end of the fourth day, the chick lies completely on its left side. 

The primordia of the brain and sense organs arise much as they do 
in the frog. A stomodeum appears early in the third day of incuba- 
tion, the proctodeum during the fourth day. Four visceral grooves 
(in the order I, II, III, IV) and five arches appear between the end of 
the second and beginning of the fourth day of incubation. Only the 
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first three clefts actually open into the fore-gut, and they are soon 
- closed again. 
The tail arises from the backward growth of the tail fold but never 
attains any great length. 
The limb buds appear during the third day of incubation. 


C D 


Fic. 77. Growth of the chick embryo. A, 25 hours of incubation. 8B, 38 hours of 
incubation. C, 48 hours of incubation. D, 68 hours of incubation. Compare Figs. 
215, 221, 227, 233. A, B, approx. <9; C, D, approx. x4. (After Duval.) 
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BODY FORM IN MAN 


Human embryologists distinguish three periods during intra-uterine 
development: the period of the ovum, from fertilization to germ-layer 
formation, two weeks; the period of the embryo, until the embryo has 
assumed a definitely human appearance, the end of the second month; 
and the period of the fetus. It is the second of these with which we 
are concerned. 

By the end of the third week the head fold is formed, and at the 
fifth the tail fold is developed. Neural folds are formed and unite 
much as in the chick (Fig. 74). The primordia of eye, ear, and nose 
also originate in a similar manner. Five visceral grooves are formed, 
by the end of the fifth week, separating six visceral arches; but, 
although the visceral pouches appear and unite with the grooves, true 
visceral. clefts are not formed. By the end of the seventh week, the 
visceral grooves have disappeared. A cephalic flexure appears in the 
fifth week. The neck (cervical) flexure develops in the week following 
and accelerates the disappearance of the visceral grooves. 

A tail is developed from the tail fold which is quite prominent during 
the sixth and seventh week of development but is overgrown and 
resorbed during the eighth. 

Limb buds make their appearance toward the end of the fifth week. 


THE YOLK SAC 


Yolk sacs are found in the development of all large-yolked eggs, 
among both anamniotes and amniotes. As the name implies, this 
structure is a larger or smaller bag protruding from the body or 
connected with it by a yolk stalk. 


Origin and development. The yolk sac develops from the outer 
margin of the blastoderm, which advances under the vitelline mem- 
brane and around the yolk mass until the yolk is completely enclosed. 


Function and fate. This sac contains the yolk, which, in meroblastic 
cleavage, is not divided among the blastomeres. But it plays a far 
more important part in development than simply acting as a reservoir 
for food reserves. It is lined with endoderm just like that of the intes- 
tine, and is furnished with arteries, veins, and capillaries, which make 
up the area vasculosa. The endodermal lining digests the yolk, and 
the vitelline veins carry the digested food to the developing Siieco. 
We may think of the yolk sac as an extra-embryonic intestine. It is 
interesting to note that in some viviparous elasmobranchs, like the 
dogfish, the yolk sac continues to be of use, even after the yolk is con- 
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sumed. Pressed against the wall of the uterus it absorbs the uterine 
“milk ” which this organ secretes (much like a tertiary egg envelope) 
and conveys it to the embryo through the vitelline veins. A similar 
device is seen among the marsupials (page 129). The yolk sac is 
usually drawn up into the body when the umbilicus closes and is later 
resorbed. 


THE DISPOSITION OF THE YOLK IN THE FROG 


The frog has no yolk sac, for the yolk is divided among the large 
blastomeres which later make up the floor of the intestine. The mass 
of these cells, however, creates a bulge on the ventral surface of the 
embryo (Fig. 75) which resembles externally a small sac. 


THE YOLK SAC OF THE CHICK 


The yolk sac of the chick is formed by the advancing edge of the 
blastoderm. Looking down on the blastoderm of the chick at the end 
of the first day of incubation (Fig. 73), we distinguish a series of con- 
centric rings. Proceeding from the periphery inward, we note first the 
area vitellina externa, consisting of the margin of overgrowth and the 
zone of junction (page 84). Then comes the area vitellina interna, in 
which we can distinguish the ectoderm and endoderm, the latter closely 

‘applied to the yolk. Finally we distinguish the area vasculosa into 
which the mesoderm has pushed, splitting, as it advances, into the 
somatic layer (next to the ectoderm) and the splanchnic layer (next 
the endoderm). Between the somatic and splanchnic layers lies the 
exocoel (extra-embryonic coelom), as the coelom is called. when it ex- 
tends beyond the boundaries of the embryo. The blood vessels of the 
area vasculosa develop in the splanchnic mesoderm. The exocoel 
separates the splanchnopleure (endoderm and splanchnic mesoderm) 
from the somatopleure (somatic mesoderm and ectoderm), so that it 
can be said that the yolk sac of the chick consists of splanchnopleure. 
By the end of the fourth day of incubation the yolk is completely cov- 
ered except for a small.area at the vegetal pole, known as the yolk sac 
umbilicus (Fig. 82C,.D). When the chick hatches, the’ yolk sac, still 
attached to the intestine, is drawn into the coelom and gradually 


disappears. 


THE YOLK SAC OF MAN 

In man, as in other mammals, the yolk sac arises in connection with 
gastrulation. The endoderm growing out from the lower surface of 
the embryonic knob apparently reorganizes itself by splitting to form 


120 EMBRYONIC FORM 


a very small yolk sac (Fig. 78A). The roof of this sac forms the roof 
of the digestive canal; the anterior end is set off (with the head fold) 
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Fic. 78. Diagrams to show development of extra-embryonic structures in human 
embryo. Four stages illustrated by sagittal sections. (After Corning.) 


Rauber’s cells 


Fig. 79. Section of early bat embryo showing extension of endoderm beyond em- 
bryonic knob. (After Van Beneden.) 


to make the fore-gut; the posterior end is set off (with the tail fold) : 
to make the hind-gut (Fig. 78B, C). The remainder constitutes the 
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small yolk sac. This sac is later squeezed between the amnion and 
chorion (Fig. 78D), and loses its connection with the intestine, through 
the degeneration of the yolk stalk. 

In other mammals (Fig. 79) the en- 
doderm grows completely around the 
interior of the trophoblast and forms 
a larger yolk sac. In the rat, where 
the embryonic knob hangs well down 
in the cavity of the blastocyst, the 
endoderm grows up around it to form 
an external covering, (Fig. 80), a con- 
dition known as entypy (endoderm 
external to ectoderm). In the guinea 
pig the distal wall is absent. 

Among the marsupials the yolk sac 
sometimes presses against the chorion, 
as it does in the opossum (Didelphys), 
and its area vasculosa serves to 
convey nutriment and oxygen from 
the blood vessels of the uterine wall). Boe neetion bf mney erent 
(Fig. 86). rat, toshowentypy. (After Grosser.) 


AMNION AND CHORION 


Most of the anamniote vertebrates lay their eggs in water to hatch 
and become larvae. In such a medium the eggs are less susceptible to 
violent changes in temperature, to desiccation, or to mechanical injury. 
The tertiary egg envelopes in which they are wrapped often protect 
them from being eaten. The amniotes, however, either lay their eggs 
under terrestrial conditions or retain them within the maternal body 
for a considerable period. These eggs are protected by two membranes, 
known as the amnion and chorion (serosa, false amnion). The amnion 
or inner membrane is formed of somatopleure, which is continuous with 
the somatopleure of the embryo. It contains an amniotic fluid in which 
the embryo floats, attached by an-umbilical stalk to the yolk sac. The 
chorion or outer membrane is likewise formed of somatopleure and is 
continuous with the amnion at a point known as the amniotic (sero- 
amniotic) raphe. The cavity of the chorion is continuous with the 
coelom and is therefore called the exocoel. The two membranes usually 
arise from folds of somatopleure which unite on the dorsal side of the 
embryo (Fig. 81). The amnion and chorion are always associated in 
development with another extra-embryonic structure known as the 
allantois which will be described in a later section. 
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Allantois 


Amnion 


Chen Allantois 


Fig. 81. Diagrams to show development of extra-embryonic structures. Sagittal 
sections. A, amniotic folds. B, folds united, allantois extending into exocoel. C, 
chorio-allantois. (After Kerr.) 


AMNION AND CHORION OF THE CHICK 


In the chick the amnion is a thin sac of somatopleure completely sur- 
rounding the embryo and continuous with the somatopleure of the 
embryo at the umbilical stalk. It surrounds an amniotic cavity filled 
with amniotic fluid. The chorion is a similar sac pressed up against the 
shell membrane and connected with the amnion at the amniotic raphe. 

The process of amnion and chorion formation begins in the region 
anterior to the head fold of the embryo known as the proamnion (Fig. 
215), which at first contains no mesoderm. Here the ectoderm shows 
a thickening, which gradually extends around the head on either side. 
This thickening indicates the line of separation between the amnion- 
forming and chorion-forming somatopleure. The coelom on either side 
of the head expands, forming the amniocardiac vesicles (Fig. 218). 
This pushes up the somatopleure in front of the head to form the head 
fold of the amnion, which slips over the head of the embryo, assisted by 
the downward bending of the head (cephalic flexure). The lateral ex- 
tension of this fold, in the form of an inverted U, causes the elevation 
and fusion of the lateral folds. The tail fold of the amnion arises inde- 
pendently in the same manner as the head fold. There is in this region, 
however, no area free from mesoderm comparable to the proamnion, 
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The cavity of the amnion is formed by the fusion of the amniotic 
folds. Soon after its completion, muscle fibers arise in the amniotic 
_ ‘ wall and initiate a rhythmic contraction which rocks the embryo in the 
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Fic. 82. Diagrams of extra-embryonic structures in chick. Four stages illustrated 


by transverse sections. (After Duval). 


amniotic fluid and prevents adhesion to the amniotic wall. The cavity 
of the chorion (exocoel) is continuous with the coelom as it is the space 
between the somatic and splanchnic mesoderm. As the edge of the 
blastoderm grows down over the yolk, the exocoel forms a great cavity 
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separating the embryo, amnion, and yolk sac from the shell membrane 
against which the chorion presses. This cavity is interrupted only by 
the amniotic raphe (Fig. 239), where continuity with the amnion 1s 
preserved. Later the exocoel is obliterated by the ingrowth of. the 
allantois (Fig. 82). ; 

Meantime the grooves at the junction of the embryo and amnion 
(limiting sulci) are invaginating beneath the embryonic body and 
approaching each other. The result is that they crowd against the yolk 
stalk and, surrounding it, form a short tube which is called the umbili- 
cal stalk. For a time there is a space between the outer wall of 
somatopleure and the inner wall of splanchnopleure continuous with the 
embryonic coelom above and the exocoel below. This is important in 
connection with the development of the allantois. 


AMNION AND CHORION IN MAN 


In man the chorion is derived from the trophoblast, which is de- 
veloped precociously, consistent with its function of aiding the implanta- 
tion of the embryo in the uterine wall (Fig. 65). After implantation 
the trophoblast gives rise to the outer syncytial plasmotrophoderm, 
which seems to be concerned with breaking down the surrounding - 
maternal tissue, and the inner cellular cytotrophoderm, from which the 
chorionic villi develop at a later stage. 

The amniotic cavity arises, presumably, from the split in the embry- 
onic mass which we have already noted (page 99). This process is 
known as cavitation (Mossman, 1937). As we have seen, the floor of 
the cavity gives rise to the mesectoderm of the embryonic disc while the 
sides and roof make up the ectodermal portion of the amnion (Fig. 64). 
The mesodermal portion comes from the somatic mesoderm of the 
embryo growing out and around the ectodermal portion. In later de- 
velopment the amnion enlarges until it completely fills the exocoel and 
fuses with the chorion (Fig. 78). 

In many other mammals, such as the rabbit (Fig. 51), the embryonic 
mass flattens out against the trophoblast to form the embryonic disc. 
The trophoblast lying immediately over the disc (Rauber’s layer) de- 
generates so that the embryonic disc is temporarily exposed. Soon 
thereafter embryonic folds (Fig. 83) appear much as in the chick, the 
inner layer forming the amnion, while the outer layer, continuous with 
the trophoblast, joins it in forming the chorion. 

Mossman has described methods of amnion formation intermediate 
between fold formation and cavitation, and has suggested that fold 
formation is characteristic of groups which have only a superficial . 
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attachment between chorion and uterine endothelium, while cavitation 
is found in those groups in which implantation is comparatively deep. 
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Fia. 83. Formation of amnion by folds in the rabbit. A, early. B, late. (After 
Mossman.) 


THE ALLANTOIS 


The development of an amnion and chorion is always accompanied by 
the appearance of another sac, the allantois. This extra-embryonic 
structure appears as an evagination from the hind-gut and is therefore 
lined with splanchnopleure. It grows out through the exocoel of the 
umbilical stalk into the exocoel of the chorion, which it usually fills. 
It is filled with an allantoic fluid, which receives the nitrogenous wastes 
of the embryo in the form of uric acid (Needham) and may be thought 
of in the first instance as an extra-embryonic urinary bladder. As it 
fills the chorion, its walls, being composed of splanchnic mesoderm 
in the outer layer, easily fuse with the mesodermal layer of the 
amnion, chorion, and yolk sac, whenever these structures come to- 
gether. Furthermore, it has an area vasculosa served by the allantoic 
(umbilical) veins and arteries. This area vasculosa when applied to 
the chorion is the region where the blood is nearest to a source of 
atmospheric oxygen. Here an exchange of gases, carbon dioxide for 
oxygen, takes place, and the allantois may be considered as an extra- 
embryonic lung. 

In the cleidoic egg of reptiles, birds, and egg-laying mammals, the 
allantois also takes part in the formation of an albumen sac wherein 
this material is digested. In the marsupials and placental mammals it 
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contributes to the formation of a placenta (hemiplacenta in marsupials) 
whereby digested food is’ obtained from the maternal circulation. 
These functions of the placenta will be discussed in the sections fol- 
lowing. 


ALLANTOIS OF THE CHICK 


The allantois (Fig. 84) arises towards the end of the third day as 
an evagination from the floor of the hind-gut. It grows out between 
the yolk and the wall of the subeaudal pocket into the exocoel (Fig. 82). 
Here it expands greatly until by the end of the ninth day it has filled 
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Fie. 84. The embryo chick and its extra-embryonic structures on the sixth day of 
incubation. X13. (After Duval.) 


the entire exocoel. Its outer wall unites with the chorion (Fig. 82) 
to form a chorio-allantois; its inner wall unites with the amnion above 
and the yolk sac below. 

Now the chorion, carrying with it an inner fold of allantois, grows 
down beyond the yolk-sac umbilicus (page 119), and around the mass 
of albumen, which has become more viscous through the loss of water 
and is displaced towards the lower side of the egg. The albumen is 
enclosed in a double-walled sac of chorion with the allantois between 
the two walls of the sac (Fig. 82). The layer next to the albumen is 
_ the ectoderm of the chorion, but the mesoderm of the allantois supplies 
the blood vessels. It is interesting to observe that it is the ectoderm 
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of the albumen sac which absorbs the albumen, whereas in the yolk 
sac it is the endoderm which carries on this function. 

By the twelfth day of incubation the albumen sac is closed except 
at the yolk-sac umbilicus, where it has an open connection with the 
yolk sac. On the sixteenth day the albumen is consumed. On the 
seventeenth the yolk-sac umbilicus closes by the constriction of a ring 
of mesoderm derived from the old edge of the blastoderm. The yolk 
sac with the remains of the albumen sac still attached is retracted into 
the body cavity cf the chick on the nineteenth day of incubation, aided 
by contractions of the amnion and the inner wall of the allantois. 


ALLANTOIS OF MAN 


In most of the mammals there is a well-developed allantois, arising 
like that of the chick, growing into the exocoel, and uniting with the 
chorion to participate in the formation of the placenta, but the primate 
allantois is rudimentary. It arises as a minute tubular evagination 
which develops from the endodermal roof of the gastrocoel even before 
the formation of the tail fold. It grows out into the body stalk, a mass 
of mesoderm connecting the embryo with the chorion (Fig. 78) for a 
short distance, but never gets so far as the chorion. However, the 
allantoic (umbilical) blood vessels continue down the body stalk to the 
chorion, where they form a chorionic area vasculosa in the region of the 
developing placenta. Bremer (1916) suggested that mammals with a 
large allantois have large mesonephroi (fetal kidneys, page 162) and a 
thick placenta, while those with a small allantois have small meso- 
nephroi and a thin placenta through which excretory products can be 
discharged to the maternal circulation. 


THE ESTROUS CYCLE 


Before discussing the placenta, the extra-embryonic structure peculiar 
to mammals, it will be well to review the mammalian estrous cycle, 
intimately concerned with ovulation and implantation. 

It will be recalled that ovulation takes place in the human species 
on the average of once every 28 days. The egg is fertilized, if sperm 
are present, near the opening (ostium) of the oviducal tube. Three 
days (Hartman) are usually spent in the tube, while the egg, pushed by 
muscular contractions and possibly ciliary action, moves on to the 
uterus. During this time cleavage takes place, and the egg is probably 
in the morula stage on entering the uterus. In the uterus it spends 
about a week, free or loosely attached to the uterine wall. During 
this time it becomes a blastocyst and loses the zona pellucida. About 
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the ninth or tenth day it is implanted in the uterine wall, which is now 
ready to receive it. / 

The preparation of the uterine wall for implantation is a periodical 
phenomenon among the mammals and is divided into four stages. It 
commences with estrus, the period of the sexual urge, which in most 
mammals coincides with the time of ovulation, and is the time in which 
the lining of the uterine wall is thick, soft, and spongy owing to changes 
in the capillary circulation. If the egg is fertilized after ovulation the 
uterine wall takes part in the process of placentation (page 133). If 
fertilization does not take place, the outermost layer of the uterine lin- 
ing is shed, sometimes accompanied by the loss of blood, during a short 
stage known as the metestrum. There follows a shorter (diestrum) or 
longer (anestrum) period of rest, for in some mammals there are many 
periods of estrus in the year; in others it takes place annually. Before 
the next estrus there is a short period (proestrum), during which the 
wall of the uterus undergoes the changes preparatory to implantation. 

The human cycle is known as the menstrual cycle, because it is almost 
monthly in its recurrence. It varies considerably in individuals and is 
easily affected by physical and mental factors. In a generalized cycle 
of 28 days, four phases are distinguished: proliferation (days 7-15 
after menstruation) , during which the inner layer of the uterus (endo- 
metrium) thickens; secretion (days 16-28), during which the glands of 
the uterus secrete a fluid rich in glycogen; menstruation (days 1-5), 
during which the proliferated layer is sloughed off, accompanied by 
hemorrhages; repair (days 5-6). 

The period of proliferation is conditioned by a hormone, estrin, 
formed in the follicle of the maturing egg. The egg itself is discharged 
from the follicle about the fourteenth day of the menstrual cycle. The 
period of secretion, on the other hand, is conditioned by a different 
hormone, progestin, formed by a yellowish body, corpus luteum, which 
develops in the empty follicle after ovulation and persists through the 
period of pregnancy. 

If the egg is not fertilized the corpus luteum degenerates and is 
replaced by a white body (corpus albicans). In the absence of 
progestin, a new menstrual cycle is initiated by estrin formed in the 
next follicle to mature. 

Tt should be noted at this point that the ovarian hormones, progestin 
and estrin, are secreted only through the control of the pituitary gland. 
Among many other hormonal activities this gland secretes substances 
known as follicle-stimulating hormone (F.S.H.) and luteinizing hor- 
mone (L.H.), which stimulate the secretion of estrin and progestin 
respectively. 
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The current theory of the menstrual cycle may be stated roughly as 
follows. F.S.H. stimulates the Graafian follicle to form estrin, which 
in turn initiates the phase of proliferation in the uterine wall. At 
high concentration estrin inhibits the secretion of F.S.H., thus per- 
mitting the secretion of L.H., which results in ovulation, the formation 
of a corpus luteum and its secretion progestin. This hormone initiates 
the period of secretion in the uterine wall. At its high concentration, 
unless fertilization of the egg intervenes, progestin inhibits the forma- 
tion of L.H., hemorrhages lower the concentration of both estrin and 
progestin in the blood, and the cycle is recommenced. 


Fie. 85. The extra-embryonic structures of marsupials. Diagrammatic. A, 
Didelphys. B, Perameles. (After Jenkinson.) 


THE PLACENTA 


After this excursion into the physiology of the uterus we return to 
the placenta. This structure has been defined (Mossman, 1937) as an 
apposition or fusion of the fetal membranes to the uterine mucosa for 
physiological interchange. The most external extra-embryonic mem- 
- brane of mammals is the chorion, which in itself does not develop a 
vascular area, and must receive its blood vessels from some other source, 
either the yolk sac or the allantois. Accordingly, two main types of 
placentation are distinguished, yolk-sac placentation and allantoic 
placentation. Among the marsupials, which do not develop a true 
placenta, a uterine milk secreted by the uterine glands is absorbed 
through the chorion and carried to the body of the embryo through the 
vascular system of the yolk-sac (Fig. 85) allantois, or both. The 
human placenta is often described as chorionic because the allantois is 
vestigial and never grows out to meet the chorion, but the blood vessels 
of the allantois grow out from it and down the umbilical cord to 
vascularize the chorion. Mossman therefore suggests that it should 
be known as chorio-allantoic. 
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The vascularized area of the chorion is distinguished by the presence 
of villi, outgrowths of the chorion, which are provided with capillaries 
and either fit into depressions of the uterine wall or penetrate more or 
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Fic. 86. Types of placentation in mammals. 
(From Arey.) 


cotyledonary, sheep. D, zonary, dog. 


less deeply into the maternal tissue. The first type is known as in- 
deciduate, exemplified by the pig (Figs. 86, 87); the second is known 


as deciduate. 


Allantoie cavity 


Amniotic 
cavity 


Fia. 87. Diagram of extra-embryonic structures in the pig. (After Smith.) 


Types of placentation are also distinguished by the shape of the 
placenta. That of man is discoidal, for example, while in the pig the 
villi are scattered over the surface of the chorion (diffuse placenta). 
Much more important, however, is the finer structure of the placenta, 
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which depends upon the amount of destruction wrought by the villi 
and consequently upon the number of tissues through which material 
must pass on its way between the fetal and maternal blood streams. 
The accompanying table, based on Mossman, and Fig. 88 show that 
the human placenta is of the hemochorial type, in which the separating 
layer consists only of the fetal trophoblast connective tissue and endo- 
thelial lining of the capillary. 
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Fie. 88. Sections through placentae of A, pig; B, cow; C, cat; and D, human. 
(Semidiagrammatic after Grosser.) 


Development of the human placenta. The human embryo is im- 
planted in the blastocyst stage. It burrows deeply into the uterine 
mucosa, and the polar cells (page 98) grow out to form the plasmo- 
trophoderm. This syncytium breaks down the surrounding maternal 
tissue to form a food supply (embryotroph) for the embryo. Soon 
thereafter projections from the chorion grow out to become villi. These 
are bathed in maternal blood which is brought into the intervillous space 
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and carried thence by the eroded uterine capillaries. Only those villi 
which are in contact with the decidua basalis (Fig. 90) persist; the 
others degenerate, thus differentiating the chorion into the chorion fron- 
dosum, with villi, and the chorion laeve, devoid of the same. 

The placenta is non-allantoic. It will be recalled that the embryonic 


‘knob retains its connection with the trophoblast as the body stalk. 


Into the body stalk grows the small evagination from the hind-gut 
which represents the endodermal lining of the allantois. It never 
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Fig. 89. Diagram of extra-embryonic structures in man. (After Kélliker.) 


comes in contact with the trophoblast and soon degenerates. The 
limiting sulci of the amnion approach each other and become the walls 
of the umbilical cord. This encloses (Fig. 89) the body stalk, yolk 
stalk, allantoic stalk, as well as the umbilical arteries and umbilical 
veins which grow out from the body of the embryo towards the tropho- 
blast. These umbilical blood vessels represent the allantoic vessels 
of all other amniotes. 


‘The deciduae. It will be remembered that the blastocyst burrows 
into the uterine wall, eroding epithelium, connective tissue, and blood 
vessels. As the embryo increases in size, this erosion continues and the 
embryo sinks into the compact layer of the mucosa and comes in con- 
tact with the spongy layer. The mucosa grows around the burrowing 
embryo, shutting it off from the cavity of the uterus. There may now 
be distinguished (Fig. 90) three regions in the mucosa: (1) the 
decidua basalis, to which the blastocyst is attached; (2) the decidua 
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capsularis, which cuts off the blastocyst from the uterine cavity ; and 
(3) the decidua vera, including the remainder of the uterine lining. 


Fre. 90. Diagram to show the uterine deciduae (human). (After Kollmann.) 


Parturition. The history of the extra-embryonic structures, as well 
as that of the deciduae, is terminated by birth (parturition). Owing 
to the absence of an allantoic sac, the amnion enlarges to fill the exocoel. 
Later, growth of the fetus results in pressing the chorion laeve and 
decidua capsularis against the decidua vera and obliterating the uterine 
cavity (Fig. 91). At birth the placenta, carrying with it the decidua 
basalis, and the attached membrane, which represents the fused amnion, 
chorion laeve, decidua capsularis, and decidua vera, are cast off as the 
caul or “ after-birth.” 


SUMMARY 


The method by which the external form of the vertebrate embryo is 
assumed is closely connected on the one hand with the shape of the 
gastrula and on the other with the presence or absence of certain extra- 
embryonic structures, the yolk sac, amnion, chorion, and allantois. 

With growth in length we associate the occurrence of metamerism, 


or the serial repetition of parts, and the formation of a head and a tail. 
The paired limbs arise as buds. 
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Fia. 91. Diagram of fetus (near term) to show relationships of extra-embryonic 
structures and deciduae. (After Ahlfeld.) 


The yolk sac is found only in embryos developing from extremely 
telolecithal eggs. It is lined with endoderm and functions as an extra- 
embryonic intestine. The splanchnic layer of the mesoderm adjacent 
to it develops an area vasculosa, which conveys the digested yolk to 
the body of the embryo. 

The amnion and the chorion arise typically from folds of somato- 
pleure, which fuse above the embryo, thus giving rise to an inner mem- 
brane, the amnion, and an outer one, the chorion. The amnion, lined 
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with ectoderm internally, contains amniotic fluid in which the embryo 
develops. The chorion, lined with somatic mesoderm internally, con- 
tains the exocoel, a continuation of the embryonic coelom. Neither of 
these membranes has any vascular system of its own. They are found 
only in the development of reptiles, birds, and mammals. 

The allantois always develops in amniote embryos. It arises as a 
ventral evagination of the hind-gut and typically grows out into the 
exocoel which it completely fills. It functions as an extra-embryonic 
bladder and lung, and because of its vascular area may act (in connec-. 
tion with the chorion) as an organ of nutrition, e.g., as an albumen sac. 

In mammals the blood vessels of the allantois invade the chorion, 
giving rise to the placenta, an organ where substances may be exchanged 
by diffusion between the maternal and fetal blood streams. The 
placenta is connected to the embryo by the umbilical stalk, whose walls 
are formed by the amnion. In some mammals, such as the carnivores 
and primates, parts of the uterine wall, the deciduae, are concerned in 
the formation of the placenta, and cast off with them at birth. 


CHAPTER 7 
DIGESTIVE SYSTEM 


The vertebrate digestive system is a tube of which the inner lining is 
derived from endoderm. Although the main part of the tube can be 
traced back to the original gastrocoel (archenteron), its openings — 
mouth, anus, gill clefts, ete. — arise from ectodermal pouches or grooves, 
and the digestive tube itself is ensheathed in splanchnic mesoderm. 
All three germ layers, therefore, contribute to the digestive system of 
the adult. 


Notaehord Neural tube 


Fria. 92. Diagram of a generalized vertebrate embryo, to show endodermal 
derivatives. 


At an early stage the digestive cavity manifests three divisions based 
on the position of the yolk mass (Fig. 68). They are the fore-gut, 
anterior to the yolk mass; the mid-gut, dorsal to the yolk mass; and 
the hind-gut posterior to it. The fore-gut (Fig. 92) soon obtains an 
opening to the exterior through the invagination of an ectodermal pit, 
the stomodeum, which is surrounded on either side by the first visceral 
arch. For a time an oral plate of ectoderm and endoderm separates 
fore-gut and stomodeum, but this later ruptures to form the mouth. 
Similarly the hind-gut, temporarily separated by a cloacal plate from 
the proctodeum, acquires an opening at the base of the tail known as 
the vent. In mammals this is later divided to form the anus and 
urogenital orifice. 

The later history of the digestive tube is one of specialization. The 
different regions of the tube enlarge, elongate, give rise to new struc- 
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tures, frequently by evaginations, and assume their special functions. 
Among these new structures are a number of endocrine glands, to be 
discussed in this chapter, and the lungs, which will be considered in 
Chapter 8. It will be recalled that the allantois originated as an 
evagination of the hind-gut. This portion of the hind-gut is the cloaca, 
which contributes also to the urogenital system (Chapter 10). 


The stomodeum. The rupture of the oral plate, which separates the 
stomodeum from the fore-gut, results in the formation of the oral 
cavity, or mouth. From the stomodeum, another invagination, the 
hypophysis (hypophyseal pouch, Rathke’s pocket), grows upward in 
front of the fore-gut, and eventually fuses with an evagination from the 
floor of the neural tube, the infundibulum, to form the pituitary gland, 
an organ of internal secretion. The pituitary gland, it should be 
noted, is often known as the hypophysis because of its final position 
on the ventral side of the brain. In some vertebrates, e.g., the frog, 
the primordium of the hypophysis has no cavity and should be described 
as an outgrowth rather than an invagination. 


The fore-gut. As the-stomodeum joins the fore-gut a little posterior 
to the anterior end of the latter cavity, there is a blind pocket of endo- 
derm, anterior to the mouth, called the preoral gut (Seessel’s pocket) . 

The cavity of the mouth is a compound structure, derived in part 
from the ectodermal stomodeum and in part from the endodermal fore- 
gut. The boundary line between these is soon lost after the rupture 
of the oral plate, owing to unequal local growth of the different regions 
of the mouth. The boundaries of the mouth are the upper jaws, formed 
from the maxillary ridges, and the lower jaws, derived from the man- 
dibular ridges. On these ridges the teeth arise in the same way as the 
placoid scales of the elasmobranchs (page 200). Two elements are 
concerned: an ectodermal enamel organ, shaped like an inverted cup; 
and a mesodermal dental papilla, which fills the cavity of the enamel 
organ. ‘The enamel organ gives rise to the outer enamel! layer of the 
tooth, while the papilla forms the dentine (Fig. 93). The dentine is in 
the general form of a hollow cone, the cavity of which is filled with 
connective tissue, and contains the nerve and blood vessel. The glands 
of the mouth (salivary glands, ete.) develop late. They are usually 
considered ectodermal in origin, but direct evidence is lacking as they 
arise in the region where the boundary between ectoderm and endoderm 
is difficult to establish. 

After the mouth comes the pharynx, relatively inconspicuous in the 
adult, but very important in development because of the structures 
derived from it. The nasal passages of the air-breathing vertebrates 
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open into the mouth (amphibia) or pharynx (higher reptiles, birds, and 
mammals) by means of the posterior nares (choanae). The origin of 
the nose will be considered in Chapter 16. It will be sufficient to note 
here that a portion of these passages arises from part of the original 
cavity of the mouth, cut off by the palate. 

On the boundary line between mouth and pharynx is the tongue, 
which in the amniote vertebrates has a double origin, an ectodermal 
primordium arising from the floor of the mouth at the point where the 
first visceral arches meet, and an endodermal primordium posterior to 
the first, and arising from the point where the second visceral (hyoid) 
arches join. It is generally held that the taste buds are ectodermal in 
origin, but apparently endodermal in the frog (see page 142). Between 
the two primordia of the tongue is the thyroid gland. This organ arises 
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Fie. 98. Diagram to show origin of vertebrate tooth (lower jaw). 


as a ventral evagination from the floor of the pharynx. As it grows 
out from the pharynx it becomes attached to the pericardial chamber 
(page 158), and when this chamber grows caudad the thyroid is dragged 
with it. In this way the thyroid is detached from its thyroglossal duct 
and becomes an endocrine (internally secreting) gland. 

On the sides of the pharynx six pairs of lateral pouches (the number 
is greater in cyclostomes and less in the frog) appear. In the lower 
vertebrates these take part in the formation of the gill slits (Chapter 8) , 
but they also give rise to certain structures common to all vertebrates, 
the epithelial bodies, which are the primordia of certain ductless glands, 
especially the parathyroids and thymus. Furthermore, the first vis- 
ceral pouches become associated with the inner ear (Chapter 16) and 
give rise to the middle ear. 

The fore-gut, anterior to the stomach, becomes divided into a ventral 
trachea (Chapter 8) and the dorsal esophagus, a canal leading to the 
stomach (Fig. 95). The cavity of the stomach is dilated, its endo- 
dermal lining develops numerous minute digestive glands, and its 
mesodermal covering develops a layer of smooth muscles. 
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Fic. 94. Diagrams showing origin of epithelial bodies in A, frog; B, chick; 
and C, man. 
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Posterior to the stomach, the fore-gut is converted into the anterior 
portion of the intestine. Here two very large digestive glands and their 
ducts arise. They are the liver and pancreas. The liver arises from 
the ventral side of the duodenum as an evagination which grows 
forward, expanding into an hepatic vesicle at the distal end and 
retaining its connection with the duodenum by a narrow hollow 
stalk, the common bile duct (Fig. 96). The anterior surface of the 
hepatic vesicle becomes subdivided into many hepatic cords containing 
tubules, the bile canaliculi. In this process of growth and subdivision 
the liver grows about the vitelline veins (Chapter 11) which are 
broken into a system of hepatic capillaries (Fig. 130). The hepatic 
vesicle becomes the gall bladder, to which the bile, formed in the 
glandular portion of the liver, is carried by means of the hepatic ducts. 
It releases these secretions into the duodenum via the common bile 
duct (ductus choledochus). 

The pancreas arises usually from two diverticula of the duodenum at 
the level of the hepatic diverticulum (Fig. 95), but the number of 
primordia is variable. One appears on the dorsal side of the duodenum 
just posterior to the stomach; the other arises on the ventral side, 
posterior to the hepatic diverticulum. The primordia increase in size, 
and break up into masses of secretory tubules. At the distal end of 
each the primordia unite and their proximal ends become the pancreatic 
ducts, one or more of which may be suppressed in later organogeny. 
The pancreas, as well as elaborating a digestive pancreatic juice dis- 
charged through the pancreatic duct, forms a hormone (insulin), which 
is carried away by the blood stream. It functions therefore as an endo- 
crine gland in addition to its digestive function. 


The mid-gut. All the regions of the digestive tract mentioned so far 
are derived from the fore-gut. The intestine is derived in part from 
the fore-gut, in part from the mid-gut, and in part from the hind-gut. 
It is impossible to indicate exactly which regions arise from these 
divisions of the gut, as both the fore-gut and the hind-gut expand at the 
expense of the mid-gut during the consumption of the yolk. The in- 
testine is richly glandular throughout its length and is variously sub- 
divided in the different vertebrates. Two main divisions may be 
noted, the small intestine (ileum) and the large intestine (colon). The 
floor of the mid-gut is either very thick, as in the amphibia, or widely 
open as in large-yolked embryos. With the consumption of the 
yolk in many vertebrates the yolk sac is drawn up into the body. It 
sometimes becomes a part of the intestinal floor. ; 
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The hind-gut. The boundary of the hind-gut is also a changing 
one. In general, this region gives rises to the cloaca, which receives. 
the ureters (Chapter 10), gives off the allantois and bladder, and dis- 
charges its contents to the exterior by a common vent, arising from the 
proctodeum. In mammals the cloaca is divided into a dorso-posterior 
rectum and a ventro-anterior urogenital sinus. 


The proctodewm. This is an ectodermal pit, separated for a time 
from the cloaca by a cloacal plate. When the latter is ruptured the 
cloaca acquires its orifice, the vent. In mammals, of course, the cloacal 
plate ruptures at two points, giving rise to the anus and urogenital 
orifice respectively. For a time there is a blind pocket of endoderm 
posterior to the cloaca, which is known as the postanal gut. 


THE FROG 


Stomodeum. In the frog the stomodeal pit is at first a groove lying 
between the primordia of the oral suckers (Figs. 75, 76, 199, 205). The 
groove deepens at its anterior end to open in stage 21 to become the 
mouth (Fig. 210). It remains round during larval life and is enclosed 
by the mandibular ridges. Outside these, folds of ectoderm project as 
the larval lips, on which horny larval teeth develop. These larval 
structures are lost at metamorphosis, when the definitive jaws and teeth 
are formed in the usual way. The primordium of the hypophysis 
arises as a solid outgrowth from the stomodeum (Figs. 198, 199), and 
later acquires a cavity and joins the infundibulum. 


Fore-gut. When the mouth opens, a plug of cells forms in the 
esophagus so that, while water can enter the mouth and pass out 
through the gill clefts, no food can continue into the stomach and the 
young larva continues to subsist on its yolk. The plug disappears in 
stage 23. The origin of the tongue is, as usual, from an anterior ecto- 
dermal swelling and a posterior endodermal one (gland field). An 
experiment (Holtfreter) indicates that the taste buds are of endodermal 
origin. Six visceral pouches can be found. The first never loses its 
closing plate, which persists to give rise to the ear drum, while the 
pouch itself becomes the middle ear. The sixth pouch is vestigial. 
The others, II, III, IV, and V, arise in that order (Fig. 208) and by the 
rupture of their closing plates become gill slits (Chapter 8). 

The thyroid arises, just before hatching, as a solid diverticulum of 
the pharynx; it soon detaches itself and divides into two bodies which 
later become vesicular. The thymus glands are formed from epithelial 
bodies (Fig. 944) on the dorsal side of the second visceral pouches. 
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Epithelial bodies arise from the ventral side of the second visceral 
pouches to become the carotid glands. Those of the third and fourth 
pouches, it is claimed, persist and have been called parathyroids 
(pseudothyroid). The vestigial sixth pouches become the ultimo- 
branchial (suprapericardial) bodies (Fig. 94). 

The esophagus is short, and the stomach a simple dilation, first 
noticeable in stage 24. The liver arises as a backward ventral divertic- 
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Fic. 96. Endodermal derivatives of 1l-mm. Rana pipiens embryo. From a wax 
plate reconstruction representing a cast of the digestive tract prepared by F. P. 
Eshleman and V. E. Hanes. Dorsal view. 


ulum of the fore-gut, easily recognized at the time the neural] folds are 
forming. It is not, however, until after the esophageal plug disappears 
that the spongy complex of bile canaliculi and hepatic capillaries be- 
comes evident. Three pancreatic primordia appear in stage 23 and 
fuse; the dorsal duct disappears, while the two ventral ducts fuse to 
become the adult pancreatic duct (Fig. 96). . 


Mid-gut. The intestine of the tadpole, which is long and coiled 
(about nine times the body length), becomes resorbed during meta- 
morphosis until it is about one-third of its larval length (Fig. 97). 
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Bladder 


Fic. 97. Digestive system in A, tadpole, and B, frog, to show actual shortening of 
the intestine after metamorphosis. (After Leuckart wall-chart.) 


Hind-gut. The cloacal region of the intestine gives rise to the 
rectum. The postanal gut is not connected to the neural tube by a 
neurenteric canal after the fusion of the neural folds above the blasto- 
pore. There is, however, a pigmented streak at the site where a neuren- 
teric canal might be expected (Fig. 198), and, in earlier editions of this 
book, the general practice of considering this a neurenteric canal was 
followed in the belief that the cavity had been obliterated in the process 
of preparing the specimen for observation. The urinary bladder of the 
frog arises from the ventral side of the cloaca during metamorphosis. 


THE CHICK 


Stomodeum. The mouth opens on the third day of incubation (Fig. 
234). The teeth are represented only by the tooth ridges, which are 
the first stage in the appearance of the enamel organs. These appear 
on the sixth day of incubation and disappear shortly after the cornifica- 
tion of the jaws. This results in the formation of the beak and the 
egg tooth, the latter a horny projection on the upper jaw which is used 
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in breaking through the shell at the time of hatching, and soon after 
disappears. The hypophyseal primordium arises as an evagination on 
the second day (Fig. 229), loses its connection with the stomodeum on 
the third, and unites with the infundibulum on the eighth. 


Fore-gut. The primordia of the tongue appear on the fourth day. 
Five visceral pouches appear (Fig. 98), of which the first three open to 
the exterior during the third day of incubation (Fig. 233). The first 
cleft closes during the fourth day, and the dorsal part of the pouch be- 
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Fig. 98. Endodermal derivatives in a 72-hour chick. 


comes the tubotympanic cavity. With the extension of the cervical 
flexure, the remaining pouches are crowded together and disappear. 
The thyroid appears on the second day, separates from the pharynx 
(Fig. 236) on the fourth, and on the seventh divides into two bodies 
which migrate backward to the junction of the common carotid and 
subclavian arteries. The thymus arises from the dorsal epithelial 
bodies of the third and fourth visceral pouches (Fig. 94B) while the 
parathyroid rudiments arise from the ventral epithelial bodies of the 
same pouches. The fifth pouch gives rise to the ultimobranchial bodies. 

The esophagus is relatively long; and a dilation, the crop, forms at 
its posterior end. The gastric region is divided into an anterior pro- 
ventriculus, which contains the gastric glands, and a muscular gizzard 


—~ 
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at the posterior end. The liver primordium arises at the edge of the 
anterior intestinal portal on the second day and, therefore, presents the 
aspect of an anterior ventral and two posterior lateral diverticula for a 
short time (Fig. 99). Later in the same day the two lateral primordia 
are brought together on the ventral side of the fore-gut as the anterior 
intestinal portal moves back. The anterior (dorsal) and posterior 
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Fia. 99. Wax-reconstruction of the liver primordia in a 48-hour chick embryo, 
prepared by G. T. Stanton. A, anterior view. B, posterior view. 100. 


(ventral) primordia persist as separate lobes, each with its own hepatic 
duct. In the adult they come to lie side by side. The internal struc- 
ture of the liver conforms to the usual pattern resulting from its rela- 
tions with the vitelline veins. Three pancreatic diverticula are formed, 
the dorsal one on the third day, the ventral ones on the fourth. They 
fuse in later development, and either two or three of the ducts persist, 
those of the ventral pancreas coming to open into the common bile duct. 


Mid-gut. The anterior portion of the mid-gut becomes the small 
intestine, the large intestine arising from the posterior region. 

It must be remembered that when the ¢hick hatches the yolk has not 
been entirely consumed and that the yolk sac is drawn into the body of 
the chick, still attached to the mid-gut. When the yolk has been 
entirely consumed, the shrunken yolk sac pinches off and degenerates. 


Hind-gut. About the middle of the second day, just posterior to the 
primitive streak, ectoderm and endoderm join to form a small area 
which is not invaded by mesoderm. As the tail fold forms, this is 
carried around to the ventral side of the embryo, where it is known as 
the cloacal (anal) plate. The rupture of this plate early in the fourth 
day puts the hind-gut in direct communication with the developing 
amniotic cavity. Anterior to the cloacal plate a broad evagination 
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gives rise to the allantois during the third day. No urinary bladder is 
formed but the cloaca is ultimately divided into three regions: an 
anterior portion, the coprodeum, into which the rectum enters; an inter- 
mediate part, the urodeum, into which the urogenital ducts enter; and 
the terminal proctodeum. 


MAN 


Stomodeum. ‘The mouth opens during the second week of develop- 
ment, and the lips separate from the gums in the fifth. Two sets of 
teeth are formed, the first (deciduous) dentition consisting of ten teeth 
in each jaw, the second (permanent) dentition being composed of six- 
teen teeth per jaw. The deciduous teeth do not erupt through the 
gums until after birth. The last are not shed until the individual is 
eleven years old. The major salivary glands arise during the second 
month of development and are believed to arise from the ectodermal 
portion of the mouth. The hypophysis arises as a pouch (Fig. 244), 
becomes attached to the infundibulum, and loses its connection with the 
mouth during the second month. The division of the primitive mouth 
into nasal and oral chambers will be described in Chapter 16.’ 


Fore-gut. The tongue arises from an ectodermal primordium which 
becomes the body of the tongue and consists at first of a swelling on 
the ventral side of each mandibular arch and a median swelling 
(tuberculum impar) between them. To this an endodermal. primor- 
dium formed by swellings on the base of each hyomandibular arch is 
added to form the root of the tongue. Between these two primordia 
the thyroid gland arises as a ventral evagination from the pharynx. 
After it is detached from the pharynx, the site of its origin is marked by 
.a small pit (foramen cecum). ‘The primordia of the tongue unite dur- 
ing the sixth week. 

Five pairs of visceral pouches (Fig. 100) are formed by the end of 
the first month. None of these normally opens to the exterior. The 
first pair forms the middle ear on each side, i.e., the auditory (Eusta- 
chian) tube and tympanic cavity. It is no longer believed that the 
groove (fossa) in which the palatine tonsil develops is the persistent 
second pouch. Ventral epithelial bodies from the third pair of pouches 
(Fig. 94C) join to become the thymus gland, which becomes attached 
to the pericardium and is dragged with it into the thorax. Those 
from the fourth pair degenerate or join the thymus gland. Dorsal 
epithelial bodies from the third and fourth pair of pouches become the 
parathyroid glands, which are dragged with the thymus to the level 
of the thyroids, in which they embed themselves. The vestigial fifth 
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pouches give rise to the ultimobranchial bodies, which also become at- 
tached to the thyroid, either to become incorporated in this gland or 
degenerate. , 

The esophagus, at first relatively short, lengthens as the backward 
movement of the heart and lungs ‘displaces the stomach. The latter 
organ (Fig. 248) arises as a dilation of the fore-gut posterior to the 
esophagus. Continued growth, mainly on the dorsal surface, produces 
the greater curvature, and a displacement of the whole organ so that 
the cephalic end is moved to the 
left and the caudal end to the right. 
This is followed by a rotation of 
?~ Thyroid the stomach on its long axis through 
90° to the left. The liver arises 
during the third week as a ventral 
groove in the duodenum. The 
groove soon becomes a sac, which — 
grows forward and ventrally into a 
mass of mesoderm which will be- 
come the septum transversum (page 
Stomach 158). The anterior wall becomes 

the glandular portion when it grows 
Pancreas around the vitelline veins, while the 
more posterior part will become the 
Yolk stalk gall bladder (Fig. 249). The con- 
nection between liver and duodenum 
persists as the common bile duct. 
The pancreas appears slightly 
later, with either two or three pri- 
Mesonentris mordia according to whether or not: 
“2 Post anal ee one of the ventral primordia is 
PERE suppressed. The ventral pancre- _ 
Fig. 100. Endodermal derivatives in @ atic duct persists and opens into the 
5-mm. human embryo. Ventral view. ; 
X 25. (After Prentiss.) common bile duct. The ducts 
branch extensively, giving rise to 
hollow acini which secrete the pancreatic juice and solid islands which 
never have any cavities communicating with the ducts but discharge 
the hormone insulin into the blood vessels supplying the gland. 


Visceral 
pouches 
I 


Common __.\— Dorsal 
bile duct gat 


Mid-gut. The intestine consists of portions contributed by all three 
divisions of the gut, and is most conveniently divided into a cranial 
portion anterior to the yolk stalk and a posterior caudal portion. The 
yolk stalk is detached from the intestine during the fifth or sixth week, 
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and the rapid growth of the intestine throws it into a loop (Fig. 250) 
which rotates (counterclockwise from the ventral side) and descends 
into the umbilical cord (seventh week). In the caudal portion the 
point of division between small and large intestines is marked by the 
formation of a blind pouch, the cecum. The distal end of the cecum 
does not grow as rapidly as the proximal region and so remains a finger- 
like projection known as the vermiform appendix. The small intes- 
tine, growing more rapidly than the large, is thrown into a set of six 
primary coils, each of which develops secondary coils. 


Hind-gut. The cloaca becomes divided, by a frontal partition, into 
a dorsal rectum and a ventral urogenital sinus (page 178). The cloacal 
membrane is correspondingly divided into a rectal and a urogenital 
plate, and the final openings are the anus and the urogenital orifice. 


CHAPTER 8 
RESPIRATORY ORGANS 


The early embryo, before the development of the blood vascular 
system, takes in oxygen and gives off carbon dioxide at its surface. 
After the development of blood vessels, respiratory exchange may take 
place in any thin epithelium in which the blood corpuscles are brought 
into contact with the oxygen-carrying medium. 

In vertebrates whose development takes place in natural waters, such 
as fish and amphibia, ectodermal outgrowths on the visceral arches 
receive blood vessels from the aortic arches and become external gills 
(branchiae). As the blood stream passes through the aortic arches 
immediately after leaving the heart, the blood is oxygenated before 
distribution to the body generally. It appears to be in connection with 
the development of these external gills that the gill clefts are formed 
with the result that water admitted at the mouth and passing through 
the clefts creates a current in the vicinity of the external gills. In 
vertebrates with cleidoic development, birds and reptiles, the first 
circulation is that of the yolk sac. This, however, is remote from 
atmospheric oxygen, and the chick first acquires a special organ of 
respiration when the allantois brings its blood vessels to the chorion. 
Mammals, with their intra-uterine mode of development, soon develop 
the placenta, which is the organ of fetal respiration. 

The adult, too, may have one of many different respiratory organs, 
whose epithelia may be either ectodermal or endodermal in origin. 
Thus, we find that, among the amphibia, respiration may take place 
in the skin as a whole (lungless salamanders) ; in specialized outgrowths 
on the visceral arches, external gills (Necturus); or in the so-called 
hairs of the African frog, Astylosternus. In this group are to be found 
also examples of endodermal respiratory organs, the internal gills and 
lungs. Internal gills are otherwise found only among the fish, while the 
lungs are the characteristic respiratory organs of the amniotes. 


External gills. Among the amphibia, external gills (Figs. 75, 193, 
206) may arise on the three visceral arches posterior to the hyoid arch 
(arches III, IV, and V). A small gill bud consisting of an ectodermal 

‘layer and mesodermal core elongates rapidly and soon acquires a 
capillary loop from the adjacent aortic arch. The gill branches several 
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times, a capillary loop growing into each branch. The complexity of 
the branchial outgrowth differs markedly in different species, and can 
be reduced or augmented experimentally by reducing or increasing 
the temperature at which development is carried on. Except among 
Gymnophiona and Caudata, a fold from the hyoid arch, known as the 
opercular fold, grows back to cover the external gills, thus enclosing 
them in an opercular chamber, which may open by a pore on each side 
or by one only. After the formation of the operculum the external gills 
atrophy and are resorbed while a completely new set of internal gills 
develop to replace them. 
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Fia. 101. Diagram to show relations of external and internal gills in frog embryo 
(After Maurer. ) 


Internal gills. Internal gills (Figs. 101, 212) are formed on the 
ventral surfaces of the visceral arches and grow out into the visceral 
clefts as filaments or thin sheets (demibranchs). They are formed by 
all fish and by the amphibia (excepting the Gymnophiona and the 
Caudata). It will be recalled that the first visceral cleft does not have 
a permanent opening to the exterior except in elasmobranchs and a 
few ganoids. Demibranchs may arise in all other clefts. The third, 
fourth, fifth, and sixth visceral arches may develop a demibranch on 
both anterior and posterior surfaces, the two demibranchs of each 
arch constituting a gill. The first cleft, or spiracle, sometimes forms a 
gill-like structure (pseudobranch). The origin of the internal gills is 
disputed, some investigators claiming that they arise from the endo- 
dermal portion of the cleft, others that they are formed from ectoderm. 
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In early embryonic life the filaments of the internal gills of some fish 
are elongated and have been called external gills. Gills are not formed 
by the embryos of reptiles, birds, and mammals, but filaments corre- 
sponding to those mentioned above have been described in early em- 
bryos of reptiles and birds. 


Visceral 
pouch V 


Visceral <3\ groove 
cleft V 3 f V = 
s Ye Visceral 
ag Boy pouch VI 
Lung bud 


Fia. 102. Semidiagrammatic frontal section through pharynx of amphibian to show 
comparison of lung buds and visceral pouches. (After Makuschok.) 


Lungs. The typical respiratory organs of the vertebrates exclusive 
of fish are the lungs. These have often been compared with the swim 
bladder of fish and the so-called lungs of the Dipnoi. However, the 
swim bladder usually arises from the dorsal side of the fore-gut, in 


Fig. 103. Three stages in the development of lung buds and trachea in the turtle, 
Emys. (After Hochstetter.) 


either the esophageal or gastric region, while the lungs arise from the 
sides or floor of the pharynx. In the amphibia the lungs arise as a pair 
of evaginations from the sides of the pharynx, posterior to the last pair 
of visceral pouches, which they resemble greatly (Fig. 102). The por- 
tion of the pharynx from which these pouches arise is cut off from the 
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esophagus above by a pair of lateral longitudinal grooves which meet 
in the midline progressively from the rear forward. In this way the 
ventral portion of the pharynx is converted into the trachea, opening 
into the pharynx by the glottis and, at its posterior end, dividing into 
the lung buds. In the higher vertebrates, reptiles, birds, and mammals, 
the bilateral origin of the lungs is not so apparent, as the first structure 
to appear is the laryngotracheal groove (Fig. 103). As the trachea 
is cut off from the esophagus above, the lung buds arise from the bifur- 
eation of the trachea at its posterior end. These lung buds elongate to 
become the primary bronchi, which form many branches (secondary, 
tertiary, etc.), terminating in small alveoli. 


THE FROG 


External gills. Gill buds (Fig. 75) appear on the third and fourth 
visceral arches in stage 19. By stage 20, the bud on the third arch 
has formed its first branch and blood is circulating in the capillary loop. 
In this stage a vestigial gill bud forms on the fifth visceral arch. The 
gills on the other arches attain their greatest complexity in stage 22. 
The opercular fold (Fig. 76) is evident in the succeeding stage (23), 
completely covers the external gills on the right side (24), and com- 
pletes the opercular chamber in stage 25. There is an opercular open- 
ing persisting on the left side, through which the water taken in at the 
mouth escapes after passing through the visceral clefts. 


Internal gills. As the external gills are covered by the opercular 
fold, a new set of internal gills is forming on the ventral surfaces of the 
visceral arches. These arise as rows of filaments, each row represent- 
ing a demibranch. There are two rows (anterior and posterior) on 
arches III, IV, and V, but only a single row on the anterior side of 
arch VI.. From the floor of the pharynx, a flap of tissue (velar plate) 
grows over the visceral clefts on either side to cover them loosely and 
prevent the escape of food (Fig. 212). A series of small projections 
from the walls of the clefts serve as a strainer to supplement this pro- 
tection. During metamorphosis the gill clefts and opercular chamber 
are filled with rapidly growing cells, and this area is reworked to be- 
come part of the body wall. 


Lungs. The lungs of the frog arise as a pair of lateral evaginations 
from the pharynx in stage 22, and the trachea is distinct from the 
esophagus in the following stage. During the period of metamorphosis 
the lung buds expand greatly and are divided by septa to form the 
alveoli. 
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THE CHICK 


Neither external nor internal gills are formed in the development of 
the chick, unless such filaments as have been described by Boyden may 
be considered an embryonic vestige. 


The lungs. In the chick the laryngotracheal groove is the first part 
of the respiratory apparatus to appear, which it does early in the 
third day of incubation. By the end of that day, the lung buds have 
appeared (Fig. 237). These push ahead of them the splanchnic 
mesoderm which forms their outer covering. The portion of the coelom 
into which they grow will be cut off from the rest to form the pleural 
cavity (Chapter 9). The original lung buds branch extensively during 
the first week of incubation, and during the second some of these 
branches grow out among the viscera and even into the hollow bones, 
where they become the accessory air sacs of the adult. 


MAN 


The lungs arise toward the end of the fourth week from a laryngo- 
tracheal groove. This separates itself from the overlying esophagus 
by lateral grooves, after which the freed posterior end grows rapidly 
and divides to form the primary bronchi (Figs. 100, 247). The one on 
the right side divides again before its fellow on the left. The bronchial 
buds continue their branching until seventeen generations of bronchi 
are formed. After birth, branching is renewed and, in all, twenty-four 
generations are present. The dividing bronchi have pushed into the 
mesodermal mass, in which esophagus and trachea are suspended, which 
will later be the mediastinum, the dividing wall between the pleural 
cavities. The origin of these cavities will be discussed in Chapter 9. 
As the bronchi push out into the pleural cavities, the mesodermal cap 
which is pushed ahead of them will become the visceral pleural lining. 

The anterior portion of the laryngotracheal groove gives rise to larynx 
and trachea. The opening into the larynx, the glottis, is at first a 
longitudinal slit. But, by the formation of the epiglottis from a 
swelling at the base of the third and fourth visceral arches and from 
the two arytenoid swellings at the bases of the fifth arch, the opening 
is widened at the anterior end to assume the T-shape characteristic of 
the adult glottis. The laryngeal cartilages arise from the fourth and 


fifth visceral arches, and the vocal cords from folds on either side 
of the larynx. 


CHAPTER 9 
COELOM AND MESENTERIES 


The body cavity or coelom of vertebrates arises by the splitting of 
the lateral mesoderm into a somatic (parietal) layer next to the ecto- 
derm and a splanchnie (visceral) layer next to the endoderm. Cavities 
may appear in all three divisions of the mesoderm; if in the myotomes, 
they are known as myocoels; if in the nephrotomes, they are called 
nephrocoels; the cavity of the lateral mesoderm is the coelom or 
splanchnocoel (Fig. 104). In some forms the three cavities are con- 
fluent. The connection, how- 
ever, is a temporary one, and Neural tube 
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ocoels, which unite in this 
region after the disappearance of the intervening anterior and posterior 
partitions. In vertebrates the coelomic cavity arises from the splitting 
of the lateral mesoderm into a dorsal somatic and a ventral splanch- 
nic layer. In the amniotes this split continues out into the extra- 
embryonic mesoderm, thus ‘giving rise to the exocoel, or cavity of 
the chorion. The coelom does not extend anterior to the visceral 
arches. Transitory cavities have been found in the arches and, in- 
deed, in the head itself, and these have been interpreted as the remains 
of a cephalic coelom. It will appear later that these are more probably 
the rudiments of cephalic myotomes. The coelom does not extend into 
the tail. 

In these regions the organs, instead of lying in a coelomic space, are 
loosely packed with a tissue known as mesenchyme. It was formerly 
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assumed that the mesenchyme originated wholly from mesoderm, but 
it has been shown that in the amphibia, at least, mesenchyme may 
originate in part from the neural crest (page 217). 


Somatopleure and splanchnopleure. The somatopleure has already 
been defined as the outer layer of the lateral mesoderm together with 
the ectoderm with which it becomes associated. Between these two 
there is an invasion of mesenchymatous cells from the dermatomes and 
myotomes which give rise to the corium of the skin (see Chapter 14) 
and to its dermal musculature (see page 209). The somatic mesoderm 
lining the outer wall of the coelom becomes the outer peritoneal lining. 
The splanchnopleure is the inner layer of the lateral mesoderm plus 
the endoderm with which it is associated. Between these two occurs a 
migration of mesenchyme cells which give rise to the splanchnic muscu- 
lature and blood vessels, while the splanchnic mesoderm itself forms the 
inner peritoneal lining of the coelom. © 


The mesenteries. In all the vertebrates, the coelom is divided for a 
time into right and left halves by sagittal partitions above and below 
the alimentary canal, known as the dorsal mesentery and the ventral 
mesentery, respectively. These are formed by the inward growth of 
the splanchnic mesoderm above and below the digestive tube and the 
subsequent fusion of these sheets in the median line. The ventral 
mesentery disappears posterior to the liver, probably in connection with 
the coiling of the intestine. The dorsal mesentery (Fig. 105) persists 
as the support of the alimentary canal, and frequently becomes sub- 
divided into regions which are named from the supported organ, such 
. as the mesogastrium which supports the stomach, the mesoduodenum, 
etc. In the formation of the ventral mesentery, two organs, the heart 
and the liver, owing to their ventral position, are caught in between the 
two advancing sheets of splanchnic mesoderm. In these regions, there- 
fore, the ventral mesentery is divided into an upper and a lower half. 
The ventral mesentery dorsal to the heart becomes the dorsal meso- 
cardium; that part which is ventral to the heart is the ventral meso- 
cardium (Fig. 106A). Both eventually disappear as the heart increases 
in size and complexity. In the region of the liver, the dorsal half of 
the mesentery becomes the dorsal mesohepar (mesohepaticum), while 
the ventral portion is the ventral mesohepar (Fig. 106B). The pri- 
mordia of the pancreas lie originally in the dorsal and ventral mesen- 
teries, respectively, but with the rotation of the stomach all are included 
in the dorsal mesentery. The peritoneal supports of the urogenital 
organs will be considered in the following chapter. The spleen (see 
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page 190) arises in the mesogastrium, close to the wall of the alimentary 
canal, and is probably mesodermal in origin. 
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Fria. 105. Diagram of mesenteries in early human embryo from left side. A, B, 
and C indicate planes of sections shown in Fig. 106. (From Arey after Prentiss.) 


Postcar- 
dinal vein 


Dorsal mesentery. 


‘meso- us Lesser 
cardium 3 omentum 


Fria. 106. Diagrams of mesenteries in early human embryo as seen in transverse 
sections. Compare Fig. 105. (From Arey after Prentiss.) 
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Later divisions of the coelom. The coelom becomes divided into an 
anterior pericardial cavity surrounding the heart and a posterior ab- 
dominal cavity surrounding the viscera by the septum transversum, a 
transverse partition which grows out from the bridge of mesoderm sur- 
rounding the vitelline veins where they cross the coelom en route from 
the body wall to the heart (Fig. 107A). These cavities are connected 
during a large part of the embryonic period by pericardioperitoneal 
canals where the septum has failed to unite with the ventral body wall. 
In the mammals, additional septa develop behind the lungs and separate 
the pleural cavities, which contain the lungs, from the remainder of the 
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Fig. 107. Diagrams of the coelom and its divisions. A, fish. B, amphibia, reptiles 
and birds. C,mammals. (After Kingsley.) 


abdominal cavity, which is now known as the peritoneal cavity (Fig. 
107C). The pleural cavities are separated from each other in the 
median line by the mediastinum. The partition separating the lungs 
from the viscera receives musculature from the myotomes and becomes 
the diaphragm. 


THE FROG 


The lateral mesoderm splits into its somatic and splanchnic layers 
in the tail-bud stage. The split is most evident on the ventral side 
in the region where the heart is forming. From the inner (dorsal) side 
of the splanchnic layer at the point where the lateral mesoderm of the 
right and left sides unite, a thin layer of cells is proliferated which will 
later become the endocardium of the heart (page 191). The splanchnic 
layer then grows up around these cells, forming a fold on either side 
(Fig. 134). The folds unite dorsal to the developing heart, the inner 
layer of each fold becoming the myocardium of the heart while the’ 
outer layer forms the dorsal wall of the pericardial cavity. The line 
along which the two folds meet becomes the temporary dorsal meso- 
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cardium. The line where the somatic and splanchnic mesoderm of 
right and left sides first met is the origin of the ventral mesocardium, 
which then can be said to have arisen before the dorsal mesocardium. 
It is also the first to disappear. 

In the region posterior to the heart the lateral mesoderm on either 
side splits (Fig. 207) before uniting at the ventral side of the body. 
This gives rise to the abdominal cavity. The separation of the abdomi- 
nal cavity from the pericardial cavity is accomplished by the growth 
of folds (sometimes called lateral mesocardia) from the outer peritoneal 
layer which continue inward to the common cardinal veins (page 189). 
These are in contact with the anterior surface of the mesodermal 
covering of the liver, from which a layer is split off to unite with the 
peritoneal folds and so form the septum transversum. This is not 
completed until during metamorphosis. The ventral mesentery dis- 
appears as fast as it is formed so that the coelom becomes continuous 
on the ventral side as soon as the two split sheets of lateral mesoderm 
unite. The dorsal mesentery persists in its entirety. 


THE CHICK 


In the chick embryo the lateral mesoderm splits very early (Fig. 217). 
Consequently, as the subcephalic pocket and lateral sulci cut off the 
anterior region of the chick at the end of the first day of incubation, 
there will be a U-shaped cavity on the ventral side which is the pri- 
mordium of the pericardial cavity. In cross-section this appears as 
two dilated portions of the coelom, which are known as the amnio- 
cardiac vesicles (Fig. 218). On the inner or splanchnic wall of each, 
the heart develops (page 193), while the outer or somatic wall gives 
rise to the amniotic folds. As the splanchnic layers are brought to- 
gether, the developing heart is caught between them and so temporarily 
suspended by a dorsal and a ventral mesocardium. The ventral meso- 
cardium disappears immediately, the dorsal one soon afterwards. The 
septum transversum is formed from the ventral mesentery, between 
heart and liver, two lateral folds of somatic mesoderm extending to the 
vitelline veins (lateral mesocardia) and two lateral closing folds ex- 
tending from the ventral mesentery to the lateral mesocardia. 

Posterior to the septum transversum, the pancreas grows into the 
dorsal mesentery (Fig. 238), and the liver into the ventral mesentery. 
The ventral mesentery persists only as the gastrohepatic omentum 
between liver and stomach, and as the falciform ligament between the 
liver and the ventral body wall. Posterior to the duodenum the dorsal 
mesentery persists in its entirety, while the ventral mesentery dis- 
appears. : 
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MAN 


From the first, the U-shaped pericardial cavity is distinguishable 
from the deel cavity, inasmuch as it never communicates directly 
with the extraembryonic coelom as does the abdominal cavity. As in 
the chick, its posterior boundary is coterminous with that of the fore- 
gut, but it is in communication with the abdominal cavity by means of 
the parietal recesses, passages which correspond to the peritoneo- 
pericardial canals of the anamniotes. The recesses are divided frontally 
by the vitelline veins into dorsal and ventral parietal recesses. With 
the formation of the septum transversum (Fig. 105), the ventral re- 
cesses are incorporated into the pericardial cavity. The dorsal recesses 
become the pleural cavities; and the pleuroperitoneal septum, which 
divides them from the peritoneal cavity, is formed by the upward 
growth of the diaphragm. The musculature of this organ arises from 
the fourth cervical myotome during the backward growth of the dia- 
phragm. The rotation of the stomach results in a rearrangement of 
the mesenteries, for an account of which the reader is referred to any 
of the larger textbooks on human embryology. 


e 


Cxuapter 10 
UROGENITAL SYSTEM 


The vertebrate urogenital system is a complex of organs whose | 
primary function is either excretory (nephric) or reproductive (genital). 
In most vertebrates they are intimately associated in using common 
ducts and openings for the discharge of their respective products from 
the body. The nature of this association is clearly revealed by the 
study of their development. Both 
sets of organs arise in the intermediate 
mesoderm or mesomere. Their ducts 
open into the endodermal cloaca and 
are discharged through a vent which 
serves also for the rectum, or by means 
of a urogenital orifice, which in either 
case is lined with ectoderm. 


9 } pei 


Excretory organs. The excretory 
system of vertebrates is essentially 
a paired series of nephric tubules, 
developed in the intermediate meso- 
derm, which collect nitrogenous wastes 
from the blood and discharge them to 
the exterior by two longitudinal ducts 
emptying into the cloaca. The inter- 
mediate mesoderm in the anterior part 
of the body is divided into nephro- 
tomes corresponding to the somites. Fic. 108. Diagram to show rela- 
There are three different types of kid- “onships of vertebrate excretory 
neys among the vertebrates (Fig. 108). iid eee 
The first is the pronephros, which arises in the anterior nephrotomes 
and is the functional kidney in the larval stages of the fish and the 
amphibians. The second is the mesonephros, which arises from nephro- 
tomes posterior to the pronephros and from the undivided intermediate 
mesoderm (nephrogenic cord) behind them. It is the functional kidney 
of adult anamniotes and embryonic or fetal amniotes. The third is 
the metanephros, which is the functional kidney of adult amniotes. 

161 


Metanephros 
Metanephric duct 


162 UROGENITAL SYSTEM 


The pronephros. This organ is formed during development by all 
vertebrates, but is best developed in free-swimming aquatic larvae 
like the tadpole (Fig. 120). It develops typically from the nephrocoels 
of the more anterior nephrotomes. The nephrocoels elongate to form 
tubules, whose distal ends turn caudad and unite with each ether to 
form the pronephric duct, which grows backward toward the cloaca. 
The ventral ends of nephrocoels open into the coelom, and these open- 
ings, the nephrostomes, become lined with long cilia. Typically each 
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Fie. 109. Diagrams showing three stages in the development of the pronephric 
tubule. (After Felix.) 


nephric tubule has associated with it a capillary net from the dorsal 
aorta (Fig. 109). The capillary net is called a glomerulus, and with its 
nephric tubule forms the excretory unit known as a nephron. The 
pronephros exists as a functional unit only during larval life, and it is 
generally believed that it has no excretory function in higher verte- 
brates. In all vertebrates it degenerates during the development of 
the mesonephros. 


The mesonephros. The mesonephros, like the pronephros, is de- 
veloped by all vertebrates. It becomes the adult kidney of the 
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anamniotes, but is functional during the embryonic (and fetal) period 
only of the amniotes. Portions of the mesonephros become associated 
with the genital organs of the adult (page 169). 

In the lower vertebrates the mesonephros also develops as a series of 
segmental nephrocoels, but in the nephrotomes posterior to those con- 
taining the pronephric tubules. 

In the nephrogenic cord, and Mesonephric duct 
in higher vertebrates generally, 
nephrocoels do not appear, and Primordium of 
: oe mesonephric tubule : 
the mesonephric tubule originates S 
from a solid clump of cells which 
later acquires a cavity (Fig. 
110). Only in the more anterior 
and earlier developed tubules of 
lower vertebrates are nephro- 
stomes formed, and these do not 
persist. The mesonephric tu- 
bules grow toward the pronephric 
ducts, with which they unite. 
After the degeneration of the 
pronephric tubules the duct is 
known as the mesonephric 
(Wolffian) duct. 

A glomerulus connected with 
the dorsal aorta and the cardinal 
veins arises in connection with 
each tubule, as in the pronephros. 
An important difference between 
the pronephros and the meso- 
nephros lies in the fact that the 
number of nephric tubules in 


each nephrotome is greater in 
Fia. 110. Diagrams showing four stages 


pe ae ee (rig: ot ). in development of mesonephric tubule. 
These arise by the constriction (Froni!Arey after Felix.) 


of the posterior median part of 

each mesonephric tubule into a small vesicle which gives rise to a 
secondary tubule; each of these tubules acquires a glomerulus (and 
in lower vertebrates a nephrostome) at the proximal end. The con- 
nection of these secondary tubules with the Wolffian duct, however, 
is attained by an evagination from the duct itself which grows out as 
the collecting duct to meet the developing secondary tubule. From 
these secondary tubules, tertiary ones bud off and develop in like 


Bowman’s 
capsule 


Comeralus 
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manner, acquiring connections with the collecting duct through an 
evagination of this canal. As many as eight tubules may be formed 
in a single segment by this process of budding. This complexity is 
ereatest at the posterior end of the mesonephros. In the amniotes, 
the mesonephros (except for that portion associated with the genital 
organs) disappears after the metanephros has been formed. 


bo oo 
eto 


Mesonephric 


lry 3ry 2 duct lry 2ry 
ee lry 2ry 
ollecting I 3 Secretory 
tubules Nephrostomes ae 


Fig. 111. Diagram to show origin of secondary and tertiary mesonephric tubules 
from primary tubules. (After Brauer.) 


The metanephros. The metanephros, which is found as a separate 
kidney only in adult amniotes, probably is equivalent to the posterior 
portion of the mesonephros of the anamniotes, which it resembles 
greatly in its organogeny. 

The region in which the metanephros arises is, like that in which the 
earlier kidneys are found, the intermediate mesoderm. But in the 
posterior region of the body this mass is never segmented into separate 
nephrotomes. The first indication of metanephros formation is the 
appearance of an evagination from. the dorsal surface of the meso- 
nephric duct near the point at which the latter enters the cloaca. This 
evagination grows dorsally and then turns forward to become the meta- 
nephric duct, or ureter, in much the same manner as the collecting ducts 
of the mesonephros arose. The metanephric duct then sends out into 
the nephrogenous tissue evaginations which increase in length and 
branch repeatedly to form the collecting tubules of the metanephros. 
Around the distal end of each tubule, a small mass of the nephrogenous 
tissue condenses and acquires a lumen like the nephrocoels of the pro- 
nephros and mesonephros (Fig. 112; 1, 2). From these vesicles the 
secretory nephric tubules arise by a process of elongation and later fuse 
with the collecting tubules just described (Fig. 112; 3, 4). In each of 
the tubules a capsule develops for the reception of a glomerulus, which 
is a capillary network from an arteriole of the renal artery (Fig. 112; 
4, 5). Development proceeds from the posterior end toward the an- 
terior, instead of in the opposite direction as in the earlier types of | 
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kidneys. The metanephrie duct at first empties into the mesonephric 
duct, from which it arose. In later development it acquires a direct 
connection of its own to the urinary bladder. 


4 


Fig. 112. Diagrams to show origin and development of metanephric tubules. 
Collecting tubule in center, secretory tubules to right and left; the one on the right 
relatively more advanced. (From Arey after Huber.) 


The urinary bladder. This structure takes its origin as a sac-like 
evagination from the floor of the cloaca and therefore is lined with 
endoderm. The mesonephric ducts of the amphibia discharge their 
contents into the cloaca directly above the opening of the bladder but 
have no direct connection with it. In birds and most reptiles which 
have no urinary bladder, the portion of the mesonephric duct posterior 
to the point where it joins the metanephric duct is drawn into the wall 
of the cloaca so that each of these ducts opens into the cloaca separately. 
The region of the cloaca into which the ducts empty is known as the 
urodeum. It is from the floor of this region of the cloaca that the 
allantois had taken its origin at an earlier time. In mammals the distal 
part of the cloacal evagination gives rise to the allantois while the 
proximal part becomes the urinary bladder. Connecting the two is a 
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constricted passage (Figs. 113, 114) known as the urachus. During 
the growth of the bladder the posterior part of the mesonephric duct is 
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Fria. 118. Diagram to show relations of urinary bladder, urachus and allantois in 
fetal calf. (From Windle.) 
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Fie, 114. Diagram to show relations of urinary bladder to urachus and allantois in 
human fetus. (From Windle.) 


incorporated into it so that both mesonephric and metanephric ducts 
empty separately. As the bladder enlarges the metanephrie ducts re- 
tain their connection with it while the mesonephric ducts shift backward 
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so that they enter the cloaca posterior to the mouth of the bladder. 
Meantime a frontal wedge of mesoderm grows back to divide the cloaca 
into an upper tube, the rectum, and a lower one, the urogenital sinus. 
The history of this structure will be considered after that of the re- 
productive organs. 


Reproductive organs. The reproductive or genital organs may be 
grouped into two classes: (1) the primary genital organs, or gonads, in 
which the germ cells develop; and (2) the accessory genital organs, 
whose original function is the discharge of the germ cells from the body. 

The gonads consist of the germ cells and the subordinate tissues, blood 
vessels, nerves, connective tissue, etc., which make up a large part of 
these glands. In an earlier chapter it has been shown that the pri- 
mordial germ cells may first appear in the endoderm of the gut wall 
and thence migrate by way of the splanchnic mesoderm, dorsal mesen- 
tery, and peritoneum to their definitive position in a thickening of the 
peritoneum on the mesial side of the nephrotomes. This thickening is 
called the genital ridge (Fig. 115B). A considerable body of evidence 
is accumulating to indicate that germ cells may also arise from the 
cells of the genital ridge itself. 

The genital ridge is now invaded by mesenchymal cells, and projects 
into the coelomic cavity. The anterior and posterior ends of the ridge 
degenerate, and the middle portion enlarges and is separated by a 
longitudinal groove from the mesonephros so that it hangs in the coelom 
suspended by a fold of the peritoneum, known as the mesorchium in 
the male or the mesovarium in the female. The germ cells have by 
this time become transformed into gonia (Chapter 3), and the germ 
glands are known as gonads. 

Within the gonads, the gonia come to lie in nests, close to the 
germinal epithelium. Tubular outgrowths from the nephric tubules 
of the mesonephros approach these nests. The later history of the 
gonads differs in the two sexes. 


Testis. In the male, the nests of spermatogonia become tubules 
which connect with the tubules growing in from the mesonephros 
(Fig. 115A). The testicular parts of these canals are known as 
the seminiferous tubules, the nephric portions as the efferent ductules. 
The walls of the seminiferous tubules are composed of spermatogonia 
and: sustentacular cells which act as nurse cells to the developing 
sperm. Between the tubules lie partitions of mesenchyme which 
make up the stroma of the testis and contain the interstitial cells, 
which are supposed to be concerned in the formation of the male 
hormone. It is because of the presence of these cells that the testis 
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is sometimes spoken of as the “ interstitial gland.” It is now well 
established that the testis secretes a “male” hormone. Eventually, 
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Fig. 115. Diagrams to show early development of the gonads in transverse sec- 
tions. A, testis. B, genital ridge. C, ovary. (After Corning.) 


the tubules become separated from the surrounding germinal epithelium 


by the development of a mesenchymatous layer called the tunica 
albuginea. 
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Fig. 116. Section of human vesicular (Graafian) follicle. (From Arey after 
Prentiss. ) 


Ovary. In the female, the nests of odgonia become separate 
follicles (Fig. 115C) which never attain connection with the meso- 
nephric tubules. These tubules consequently degenerate. A follicle 
consists of a single odgonium surrounded by follicle cells, which may 
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be compared to the sustentacular cells of the male. In the mammalian 
ovary the primary follicle is greatly enlarged to form a vesicular 
(Graafian) follicle (Fig. 116), which protrudes from the surface of 
the ovary. The follicle cells multiply and secrete a follicular fluid 
which presses the outer wall (stratum granulosum) away from the 
egg and a layer of follicle cells immediately surrounding it. These 
form a projection (cumulus odphorus) into the cavity of the follicle. 
When ovulation takes place the wall of the follicle is ruptured, and 
the egg, still surrounded by its investment of follicle cells, now known 
as the corona radiata (page 34), is washed out with follicular fluid. 
After ovulation and fertilization the follicle cells enlarge, multiply, 
and secrete a yellow substance, the whole forming a corpus luteum 
(page 128). The existence of female hormones (page 128) formed 
in the ovary is now definitely proved. The tunica albuginea of the 
ovary develops much later than that of the testis but is also of 
mesenchymal origin. ° 


The genital ducts. The sperms formed in the seminiferous tubules 
of the testis are discharged into the mesonephric tubules and thence 
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Fic. 117. Diagrams showing origin and early development of genital ducts. A, 

early stage showing mesonephros, gonads (male on left, female on right), and ducts. 

B, later stage in male, showing in broken lines the structures which degenerate. 
C, later stage in female. (After Felix.) 
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make their way into the mesonephric duct, which accordingly becomes 
the male genital duct. The ova, on the other hand, are discharged 
directly into the cavity of the coelom, whence they are received into 
a new tube, the oviduct, by means of an opening, the ostium tubae 
abdominale. The mesonephric duct is often called the Wolffian 
duct; the oviduct is frequently called the Miillerian duct. Both 
ducts appear in every embryo (Fig. 117A), but the later histories 
‘of the two differ according to the sex. The genital ducts of the 
teleost fish arise in a different manner, which is beyond the scope of 
this book. 


- The Wolffian duct. In the male (Fig. 117B), the efferent ductules 
toward the posterior end of the series becomes occluded, leaving only 
a few at the anterior end functional. These lose their renal corpuscles 
and shorten greatly. In the amniotes, where the metanephros acts 
as the functional kidney, this anterior group becomes the epididymis, 
while the more posterior, non-functional vestige becomes the para- 
didymis. The mesonephric duct persists as the deferent duct. At 
the point where the deferent duct enters the cloaca, there develops a 
dilation, the seminal vesicle. In the female (Fig. 117C), the anterior 
portion of the mesonephros persists as the vestigial epodphoron; and 
the posterior portion becomes the parodphoron. Traces of the 
Wolffian duct sometimes persist (as in mammals, where this structure 
is known as Gartner’s canal). 


The Miillerian duct. This canal arises in the elasmobranchs by 
the constriction of the pronephric duct into two tubes, of which the 
ventral becomes the Miillerian duct, while the dorsal tube becomes 
the Wolffian duct. The opening of the Miillerian duct into the 
coelom, the ostium tubae abdominale, is a persistent nephrostome. 
In all other vertebrates, this duct arises independently of and after 
the formation of the Wolffian duct, a fact possibly correlated with 
the delayed functioning of the oviduct as compared with the primary 
renal function of the Wolffian duct. In these vertebrates the duct 
arises in the mesoderm lateral to the Wolffian duct and grows both 
forward and backward until the abdominal and cloacal openings are 
formed. It is not formed until late in embryogenesis. In the female. 
(Fig. 117C), the posterior ends of the ducts are usually dilated as 
paired uteri, and may fuse to form a single uterus. In the male 
(Fig. 117B), the Millerian duct degenerates, but vestiges are to be 
found even in the adult, such as the appendix testis and prostatic utricle 
of man, which represent the anterior and posterior ends of the female 
duct, respectively. 


ADRENAL COMPLEX Wp 


The external genitalia. The genital organs so far considered are 
common to all vertebrates and are sometimes spoken of as the 
internal genitalia. External genitals are found only in those animals 
in which fertilization is internal. These organs serve the function 
of transmitting or receiving the sperm at the time of copulation. 
Internal fertilization is a phenomenon which has been observed in 
all classes of the vertebrates, but it is characteristic of all amniotes. 

Although the external genitalia differ in the sexes, they are 
embryologically homologous. Two types are recognized, duplex and 
simplex. In the duplex type, char- 
acteristic of the sauropsids, sac- 
like extensions arise on each side of 
the cloaca, which in the male be- 
come the hemipenes or intromittent oe ba ali 
organ, while in the female they re- ral 
main vestigial. In the simplex type, 
characteristic of mammals, a single 
median ectodermal prominence arises 
anterior to the cloacal aperture, to * 
become the phallus (Fig. 118). In Ha. 138, ee wie pe ehow sue aoe 

of the mammalian external genitalia. 
the male, the phallus enlarges and (After Felix.) 
encloses the greater part of the uro- 
genital sinus. In this way it becomes the penis, while the enclosed sinus 
becomes the penile urethra. In the female mammal, the phallus be- 
comes the vestigial clitoris, while the sides of the urogenital sinus 
remain open as the labia minora, which guard the opening of the 
urogenital vestibule. At the base of the phallus is.a swelling, the genital 
tubercle, from which labioscrotal folds arise on either side of the 
urogenital opening. In the male they fuse to form the scrotum, 
an,external sac into which the testes descend; in the female they 
remain separate as the labia majora. 


Anus 


Adrenal complex. Closely associated with the kidney, whether 
mesonephros or metanephros, is the adrenal gland. This is in 
reality a complex of two endocrine glands which are distinct in the 
fish and arise from separate primordia in all vertebrates (Fig. 119). 
The first component is the interrenal (cortical) tissue, which originates 
in the intermediate mesoderm mesial to the region in which the 
mesonephros and genital ridge appear. The second component is 
the suprarenal (medullary, phaeochrome) tissue, which arises from 
wandering ectoderm cells. These originated in the neural crest, were 
associated with the cells forming the sympathetic ganglia (Chapter 
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15), and finally came to take a position near the developing inter- - 
renal cells.. Both suprarenal and interrenal cells become arranged 
in cords on the ventral surface of the developing mesonephros and 
in close association with its blood 
vessels. In vertebrates which de- 
velop a metanephros the suprarenal 
and interrenal components become 
a separate adrenal gland. Each, 
=~ however, produces its own hormone, 
Sympat. Sa ‘ : 
ee - epinephrin from the suprarenal 
‘aprarenallose component, cortin from the inter- 
= renal. 


THE FROG 


Pronephros. The intermediate 
mesoderm of the developing frog 
is atypical. In stage 16 the inter- 
mediate mesoderm has lost its at- 
Fig. 119. Diagrams to show the origin tachment to the lateral mesoderm, 
of the suprarenal and interrenal com- and, retaining its attachment to 
ponents of the adrenal gland. (After the axial mesoderm, is growing 

Corning.) out between the lateral mesoderm 
and the ectoderm. In the anterior region it is divided into nephro- 
tomes corresponding to the somites to which they are still attached. 
The longitudinal bulge on either side of the embryo so produced is 
known as the pronephric shelf. In later development the nephrotomes 
unite to form a nephrogenic cord and lose their connection with the 
somites. Later they acquire a new connection with the lateral meso- 
derm, which makes the nephrogenic cord appear to arise from the 
somatic layer of the lateral mesoderm (stage 17). Cavities appear 
in the nephrogenic cord about the time the lateral mesoderm is split 
into a somatic and splanchnic layer. These cavities unite to form 
a pronephric duct while pronephric tubules (Figs. 207, 208) develop 
in the region corresponding to somites II, III, and IV. These acquire 
nephrostomes in stage 20. The pronephric tubules elongate greatly 
and are contorted into coiled structures that push into the cardinal 
veins. From the dorsal aorta a vascular outgrowth, the glomerulus, 
(Fig. 212) on either side extends to the developing pronephros. The 
developing lungs projecting into the coelom later form shelves which 
cut off the portions of the coelom into which the nephrostomes open 
as the pronephric chambers. At stage 25 the pronephros on either 
side of the body is a large and conspicuous body (Fig. 120). A pro- 
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jection from the roof of the cloaca arises to meet the advancing pro- 
nephric ducts and seems to have moved forward by stage 25 so that the 
pronephric ducts are actually recurved before entering the cloaca. 


Nephrostome I 


Le ES. Opening 
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Fie. 120. Excretory system of 1l-mm. Rana pipiens embryo. From a wax plate 
reconstruction. Ventral view. Prepared by Marian F. James and Phyllis T. 
Mrazek. X40. 


Mesonephros. Mesonephric tubules appear in the nephrotomes 
(somites VII-XII). These have nephrostomes in early larval life; 
but at the time the pronephroi degenerate the portion of each 
mesonephric tubule next to the nephrostome (peritoneal canal) 
breaks away from the remainder of the tubule and fuses with the 
posterior cardinal vein. The mesonephros is the functional kidney 
of the adult, and the Wolffian duct, therefore, functions as the ureter. 


Urinary bladder. This arises as a ventral evagination from the 
floor of the cloaca during metamorphosis. The mesonephric ducts 
never acquire a direct connection to the bladder but open directly 
above it. 
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The gonads. The genital ridges arise soon after hatching. Sex 
can be distinguished at the time when the embryo is about 30 mm. 
in body length. The anterior portion of each genital ridge degenerates 
and becomes a fat body. Seminiferous tubules are formed in the 
testis and follicles in the ovary. The mature follicle is not of the 
Graaffian type. Hermaphrodites have been recorded. 


The gonoducts. The Wolffian duct in the male acquires connection 
with the testis by means of some of the mesonephric tubules (vasa 
efferentia) and serves as the deferent duct as well as the ureter. A 
seminal vesicle is formed. A rudimentary Miillerian duct also 
appears in the male. In the female the Wolffian duct functions solely 
as a ureter while the Miillerian duct becomes the oviduct. Bidder’s 
organ, a structure attached to the ovary, has been compared to the 
epodphoron of mammals, because of its origin from mesonephric 
tubules. 


External genitalia. None are developed. 


Mesonephric tubules 
Interrenal cells 


y Suprarenal cells 


Postcaval vein 


Efferent vein 


Fia. 121. Section through mesonephros of 55-mm. frog tadpole (Rana pipiens) to 
show interrenal and suprarenal cells. Prepared by Mary H. Phillips. 660. 


Adrenals. These arise from suprarenal and interrenal cells, which 
accumulate around the blood vessels on the ventral side of the 
mesonephros (Fig. 121). The brown color of the suprarenal cells dis- 
tinguishes this area as a yellow-brown streak on the mesonephros. 


THE CHICK 


THE CHICK 
Pronephros. 


About twelve 
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pronephric 
V-XVI), beginning on the second day of incubation. 


tubules arise (somites 


Nephrostomes 


are formed, but glomeruli do not appear until the third and fourth 
days of incubation, at which time the pronephros is degenerating. 


The pronephric duct arises at the ninth somite. 


The development of the pronephros in the chick is very irregular; the 
number of pronephric tubules varies in different individuals or on the 
two sides of the same embryo; the tubules are often represented by solid 


cords; the number and size of the nephrostomes vary; and the whole 
appearance is that of a vestigial organ without a urinary function. 
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Fic. 122. Reconstruction of metanephric primordium in 6-day chick embryo 
(After Lillie from Schreiner.) 
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Mesonephros. Mesonephric tubules (Figs. 122, 232) arise from 
the intermediate mesoderm between somites XII and XXX, the, 
more anterior of which develop nephrostomes. The main part of 
the mesonephros, however, arises between somites XX and XXX, 
where the continued growth of the tubules causes the projection of 
this region into the .coelom as the Wolffian body. It begins to 
degenerate on the eleventh day. 


Metanephros. An evagination from the mesonephric duct com- 
parable to the collecting tubules of the mesonephros grows out into 
the nephrogenic region of the intermediate mesoderm during the 
fourth day of incubation. This diverticulum gives rise to the ureter 
which branches many times to form a great number of collecting 
tubules. Meantime in the nephrogenous tissue between somites 
XXV-XXXIII a number of tiny vesicles appear. These elongate 
and finally become the secretory tubules which unite with the collect- 
ing tubules. Each secretory tubule is supplied with a glomerulus 
and capillary network. 


Urinary bladder. No urinary bladder is formed. The cloaca 
persists and is later divided into three regions (page 147), of which 
the urodeum receives the urogenital ducts. 


Gonads. The genital ridge arises with the’ mesonephros as the 
urogenital ridge. Of this the anterior region gives rise to the gonad 
on the mesial side. Sex is not distinguishable until the seventh 
day of incubation. In the female, the right ovary develops only 
partially and finally disappears. 

The ovarian follicles enlarge greatly in the hen prior to ovulation, 
but never assume the vesicular condition and are not properly called 
Graaffian follicles. 


Gonoducts. The Wolffian duct (Fig. 122) becomes the deferent 
duct, connected with the testis by vasa efferentia forming the 
epididymis. The persisting mesonephric tubules of the posterior 
region of the mesonephros form a paradidymis. In the female a 
vestigial epodphoron and parodphoron represent these bodies re- 
spectively. The Miillerian ducts degenerate in the male without 
ever acquiring a cloacal exit. In the female the right Miillerian 
duct disappears while the left becomes the oviduct. The shell 
gland appears on the twelfth day of incubation, but does not open 
into the cloaca until the hen is six months old. 


External genitalia. No external genitalia are formed, although 
hemipenes are found in some other birds. 
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Adrenal glands. This gland arises from distinct suprarenal and 
interrenal components, which later become intermingled in a structure 
known as the suprarenal capsule embedded in the anterior portion 
of the kidney near the postcaval vein and gonad. 


MAN 


Pronephros. Between the third and fourth weeks of development 
pronephric tubules arise in somites VII-—XIII, develop nephrostomes 
and glomeruli, but degenerate . 
rapidly. @,— Level of somite 14 
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the distal end of each tubule to form a capsule (of Bowman). The 
mesonephros degenerates except for the structures taken over by 
the reproductive organs early in the third month, when the meta- 
nephros is capable of functioning. 


Metanephros. The definitive kidney arises from a diverticulum 
of the mesonephric duct (Figs. 242, 251), which gives rise to 
ureter, pelvis, calyces, and collecting tubules, and from the nephro- 
genous tissue into which this diverticulum pushes. The secretory 
tubules arise from condensations in this zone and later become 
hollow, elongate, and join the collecting tubules. Each has its glom- 
erulus. 


Urinary bladder. The bladder arises from the floor of the cloaca 
at the base of the rudimentary allantois with which it is connected 
by the urachus (Fig. 114). The region of the cloaca from which 
the bladder grows is cut off from the rectum by a urorectal septum 
which passes between the two mesonephric ducts, leaving them 
connected to the enlarging bladder. The mesonephric duct is in- 
corporated into the bladder wall as far back as its junction with the 
metanephric duct. The metanephric ducts maintain their openings 
into the bladder, but the mesonephric ducts are carried back to enter 
into the urogenital sinus behind it. 


Gonads. The genital ridge arises on the mesial side of the 
mesonephros during the fifth week. Sex is not distinguishable until 
after the seventh week. LHarlier the developing gonad might be 
thought of as in an indifferent condition, for the cortical region 
which will give rise to ovary and the medullary region which will 
give rise to testis are both present. 


Gonoducts. Each Wolffian duct functions as a deferent duct, and 
both epididymus and paradidymis are formed, as is a seminal vesicle 
at the distal end. In the female, epodphoron and parodphoron are 
formed, while some portion of.the duct itself may persist as Gartner’s 
canal. The Miillerian ducts become the uterine tubes, which unite 
at their posterior ends to form the uterus and vagina. The latter 
is partially closed by a semicircular fold, the hymen, where it enters 
the urogenital sinus. In the male, vestiges of the anterior end of 
each Millerian duct persist as the appendix testis, while the posterior 
end is represented by the rudimentary prostatic utricle. The dilation 
of the bladder results in the inclusion of the ureters (metanephric 
ducts) in its walls (Fig. 124). The genital ducts (Wolffian or 
Millerian ducts) empty into the urogenital sinus posterior to the 
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bladder, in a region which constricts to form the urethra. About 
this develop a number of outgrowths which acquire cavities and 
form the prostate gland in the male and the paraurethral glands 
in the female. 
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Fie. 124. Models showing relation of urogenital ducts to cloaca in human embryos. 
A,3.5mm. B,4mm. (Both after Pohlman, X50.) C,8mm. X50. D,11 mm. 
X25, after Keibel. (From Arey.) 


External genitalia. These are of the mammalian type (page 171). 


Adrenals. This gland, often called the suprarenal, arises from 
interrenal and suprarenal components, of which the first forms the 
cortex and the second the medullary portion. Both are included 
in a single capsule, which in the second month is almost as large 
as the metanephros and even at birth is a third the size of that 


organ. 
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CHAPTER 11 
BLOOD-VASCULAR SYSTEM 


The vascular system is mesenchymatous in origin. It consists 
of separate cells, the blood corpuscles, floating in a fluid matrix, 
the blood plasma, in a closed system of interconnected tubes, the 
blood vessels. Some vessels .become lined externally with muscle 
fibers, and in one locality this muscular development gives rise to a 
pulsating heart, by means of which the blood is kept in circulation. 


Origin of the blood-vascular system. The first indications of the 
vascular system are found in the splanchnopleure as blood islands 
(Fig. 125). In the telolecithal vertebrates this is always in the 


lood island Ectoderm Somatic mesoderm Splanchnic mesoderm Blood vessel Blood cell: 


Yolk Endothelium pati fused to yolk 
B 


Fic. 125. Diagrams showing three stages in the development of a capillary from a 
blood island based on transverse sections of the area vasculosa in a seven-somite 
chick. (From Arey.) 


extra-embryonic splanchnopleure. These blood islands originate as 
local aggregates of mesenchyme. Later, the inner cells separate as 
corpuscles, while the outer ones form the endothelial lining of a 
vesicle. These vesicles anastomose with each other to form the 
extra-embryonic vitelline circulation. 


The blood corpuscles. The first corpuscles formed are the inner 
. cells of the blood islands. Later corpuscles are budded off from 
181 
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the walls of the capillaries into their cavities. Mesenchymal cells in 
regions where the capillary network is forming may develop into blood 
corpuscles and enter the blood stream. These first corpuscles are 
the hemoblasts (Fig. 126). 

The erythrocytes, or red corpuscles, are distinguished by the 
presence of hemoglobin, which gives them their color. In the 
anamniotes these corpuscles have large vesicular nuclei with granu- 
lar chromatin and a distinct cell membrane. In the sauropsida, the 
red corpuscles have small compact nuclei. The mammalian erythro- 
cyte is distinguished by the absence of the nucleus in the adult. In the 
development of mammals there is a succession of red blood corpuscles: 


c 


Fra. 126. Stages in the development of human red blood corpuscles. a, hemo- 
blasts. 6, megaloblasts (anamniote type). c, d, normoblasts (sauropsid type). 
é, normoblasts in process of becoming f, erythrocytes. (From Arey after Prentiss). 


first the anamniote type (megaloblasts); then the sauropsid type 
(normoblasts) ; and finally the mammalian erythrocyte, which is pro- 
duced by the extrusion of the nuclei from the blood cells of the saurop- 
sid type (Fig. 126). 

The leucocytes, or white blood corpuscles, are of many different 
types. Here it will be sufficient to distinguish the granulocytes, 
with distinctive types of cytoplasmic granules (according to which 
they are classified), and lymphocytes, which lack these granules. 
Although the matter cannot be considered definitely settled, most 
embryologists consider that all types of corpuscles arise from hemo- 
blasts and that the large lymphocytes are nearest the ancestral type. 

Hemoblasts become differentiated into the different types of blood 
corpuscles in the following blood-forming centers: (1) the yolk 
sac; (2) the embryonic capillaries; (3) the liver, the spleen, thymus, 
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Fic. 127. Diagrams to show fundamental plan of embryonic circulation. A, early 
stage in side view. B, later stage in side view. C, same from above, aortic roots 
pulled apart. 
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and the lymph glands; (4) the bone marrow. In the adult the 
lymph glands give rise to lymphocytes, and the bone marrow 
to all types of corpuscles. - 


Origin of the blood vessels. The first embryonic blood vessels 
(Fig. 127) are the vitelline (omphalomesenteric) veins which appear 
at the ventrolateral margins of the fore-gut. These vessels unite in 
the region of the anterior intestinal portal with the heart, from which — 
arise the paired ventral aortae. These bend up around the pharynx 
in the mandibular arch as the first aortic arches, and continue 
backward as the dorsal aottae. The primitive dorsal aortae, later 
known as the aortic roots, fuse at a very early stage to become the 
dorsal aorta, from which branches are sent to each myotome and 
to the vitelline circulation. The posterior ends of the vitelline veins 
fuse in small-yolked forms, such as the frog, to form a subintestinal 
vein, which continues back to the tail. In large-yolked forms like 
the chick, the vitelline veins are widely separated and brought into 
connection only by the sinus terminalis, which makes a circuit of 
the area vasculosa. The vitelline veins are the ventral venous channels. 
A dorsal set of vessels soon originates independently. The first of 
these to appear are the anterior cardinal (precardinal) veins of the 
head. A similar pair, the posterior cardinal (postcardinal) veins, 
arise in connection with the nephric region. These, however, do 
not discharge their contents directly into the heart but into the 
anterior cardinals. The portions of the original anterior cardinals 
proximal to this juncture with the posterior cardinals are now called 
the common cardinal veins (Cuvierian ducts). 


The heart. Although the heart is primitively a paired organ, 
the two primordia are soon fused into a single median tube connected 
with the ventral aortae in front and the vitelline veins (and later 
the common cardinals) behind. Around the endocardial lining there 
develops a coat of muscle fibers which later become striated to form 
the myocardium. Outside this is a lining of splanchnic mesoderm 
which forms the epicardium, continuous with the lining of a part 
of the coelom surrounding the heart, which will later be cut off by 
the septum transversum to form the pericardium. In this the heart 
is suspended for a short time by a dorsal and a ventral mesentery 
known respectively as the dorsal and ventral mesocardia. 

The later history of the heart is one of growth and subdivision 
into special chambers. Because the local growth of the heart is 
limited by the anterior and posterior walls of the pericardium and 
by the mesocardia in which it is suspended, any extension in length 
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must be accompanied by coiling. Experiments have shown that the 
coiling of the heart is due to intrinsic causes and not conditioned by 
the space at its disposal. The primary flexure of the heart is toward 
the right, thus changing the shape of the organ from a straight tube 
to a C-shaped one. Further growth results in the twisting of the 
heart into the shape of an 8. Still later, the original posterior loop 
of the S is pushed forward and dorsad so that it comes to lie above 
the morphologically anterior end (Fig. 128). 


A B C 


Fie. 128. Diagrams to show early stages in development of vertebrate heart 
A, paired heart tubes. B, same fused. C, primary flexure. D, later “S” stage. 
E, after anterodorsal displacement of atrium. 


The original chambers of the heart are produced by local dilations, 
of which the most posterior is the sinus venosus; next to this is the 
atrium; in front of this, the ventricle; and finally, the bulbus 
arteriosus. The sinus is the chamber into which the primitive veins 
enter; the atrium is a thin-walled distensible chamber; the ventricle 
is a thick-walled, muscular, pulsating pump; and the bulbus is the 
chamber from which the blood enters the primitive arteries. 

These chambers undergo different changes in the various types 
of vertebrates. Of these, the most important is a progressive 
differentiation, completed in the mammals and birds, of the atrium 
and ventricle into separate right and left halves, of which the right 
side receives venous blood from all parts of the body and transmits 
it to the lungs for respiratory exchange. From the lungs the blood 
is returned to the left side of the heart and thence conveyed to all 


parts of the body. 


The arteries (Fig. 129). The ventral aortae fuse into a single 
median tube sending branches into each of the visceral arches. 
These branches, which unite with the dorsal aortae, are usually 
six in number and are known as the aortic arches. Anterior to 
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these the ventral aortae continue forward as the external carotid 
arteries. Similar forward extensions of the dorsal aortae are known 
as the internal carotid arteries. In the region of the aortic arches 
the dorsal aortae remain separate as the aortic roots (radices aortae). 
Behind them, as has been mentioned, the paired vessels fuse as the 
median dorsal aorta. 


Anterior 


mesenteric LY 
mesentenc 


Fie. 129. Diagrams to show principal arteries; A, in side view, B, cross-section 
through mesenteric. 


The aortic arches. In larvae breathing by means of external 
gills, a loop from each aortic arch grows out into the gill developing 
on the visceral arch with which it is associated. These loops are 
short-circuited when the external gills disappear. 

In forms with internal gills, each aortic arch breaks up into 
capillaries in the demibranch and becomes divided into a ventral 
afferent branchial artery and a dorsal efferent branchial artery. 

In vertebrates with a pulmonary respiration, aortic arches I and 
II, in the mandibular and hyoid arches, respectively, disappear. 
Arch III, in the first branchial arch, persists as the connection 
between the internal and external carotid arteries, while the dorsal 
aorta between arches III and IV disappears. Arch IV becomes the 
systemic arch connecting the dorsal and ventral aortae (Fig. 130B). 
In birds (Fig. 130C), the arch on the left side disappears; in mammals 
(Fig. 130D), that on the right degenerates. Arch V is greatly reduced 
and frequently disappears or has at most a vestigial and transitory 
existence., From arch VI the pulmonary arteries grow back to the © 
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lungs. The portion of the sixth arch distal to the pulmonary arteries 
is reduced in caliber and is known as the ductus arteriosus. It 
becomes occluded and degenerates in all the amniotes except some 
few reptiles. 
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Fie, 130, Diagrams of aortic arches. A, hypothetical primitive type. B, in frog. 
C,in chick. D,in man. (After Kingsley.) 


Intersegmental arteries. From the dorsal aortae are given off . 
small branches between the myotomes (Fig. 129B). Some of these 
intersegmental arteries persist as the intervertebral arteries. The 
more anterior ones become united on either side by a dorsal longi- 
tudinal vertebral artery. These vertebrals subsequently fuse to 
form an anterior basilar artery which divides behind the pituitary, 
the two halves uniting with the internal carotid on either side. In 
the region where the anterior limb buds are developing, interseg- 
mental arteries grow out, to give rise to the subclavian arteries. 
Similarly, in the region of the pelvic limb buds, intersegmental arteries 
give rise to the iliac arteries. In the amniota, the allantoic arteries 
grow out from the iliac arteries into the walls of the allantois. These 
become so important that for some time it appears as if the iliac 
arteries were derived from the allantoic instead of the reverse. These 
allantoic arteries, which degenerate at the time of birth, are known 
as the umbilical arteries in mammals, as they transverse the umbilical 
cord and supply the placenta. 

Other important intersegmental arteries become the renal arteries 
of the kidneys and the genital arteries of the gonads. 


Mesenteric arteries. From the dorsal aorta, a number of ventral 
branches, originally paired, but soon fused to become median vessels, 
pass down the dorsal mesentery. They unite with the capillaries 
of the yolk sac, which they supply with blood. Later, some of them 
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develop branches over the alimentary canal which persist after the 
loss of the yolk sac as the coeliac and mesenteric arteries. 


The veins. There aré two primitive venous systems: the one 
arising from the primitive vitelline circulation (and, in amniota, 
the allantoic), which is ventral in position and originally associated 
with the embryonic organs of digestion; the other arising from the | 
primitive cardinal veins, which are dorsal and return to the heart 
the blood which was distributed by the arteries and are intimately 
associated with the excretory organs. In general it may be said | 
that the cardinal veins are modified to become (or be replaced by) 
the caval veins. The vitelline veins are reorganized to become the 
hepatic-portal circulation. The allantoic veins (or umbilicals) dis-. 
appear at hatching or birth, respectively. To these should be added 
the pulmonary veins from the lungs. The later history of the 
vitelline and cardinal veins is one of transformation from originally 
paired vessels to more nearly axial ones. Eventually the systems 
become so related to the arteries that there is an accompanying vein 
for every artery. 
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Fra. 131. Diagrams to show three stages in the development of the hepatic-portal 
venous system in man. (After Hochstetter.) 


Hepatic-portal circulation. The vitelline (omphalo-mesenteric) veins 
are surrounded by the developing liver (Fig. 131), and within this 
organ the original channels are broken up into an intricate capillary 
network. The anterior portions of the veins extending from the 
liver to the heart become the hepatic veins. Posterior to the liver 
they are thereafter known as the portal veins. The manner in 
which the originally paired system becomes an axial one differs in _ 
the different groups of vertebrates and will be discussed in later 
paragraphs. 
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Caval circulation. The primitive cardinal veins are paired, and 
carry the blood from the head past the pronephric region into the 
sinus venosus of the heart. After the appearance of the posterior 
cardinals which join them at the anterior surface of the pronephros, 
the system has the form of a letter H (Fig. 132A). The upper 
limbs of the H are now known as the anterior cardinals. The cross- 
bar is represented by the common cardinals (Cuvierian ducts), and 
the lower limbs are the posterior cardinals. The anterior cardinals 
persist as the internal jugular veins of the adult. The common 


A 


Fic. 132. Generalized diagram to show relationships of cardinal and caval veins. 


cardinals unite, or one may degenerate, so that a single vessel, known 
as the precaval vein (anterior vena cava), from the anterior portion 
of the embryo enters the heart at the sinus venosus. The posterior 
cardinals lose their connection with the common cardinals and enter 
the heart through a new vessel, known as the postcaval vein (posterior 
vena cava), originating from the hepatics and subcardinals. The 
details, which differ in the different classes, will be described in later 
paragraphs. Meantime, it may be recalled that the cardinal veins 
of the embryo are associated’ with the excretory organs, from which 
they return blood to the heart. In some cases the posterior portions 
of these veins convey blood from the posterior region of the body 
_ to the mesonephros, in which case we may speak of a renal-portal 
circulation. 

The pulmonary veins. These enter ‘the left atrium and are new 
vessels which grow backward from the heart to the developing lungs. 
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The lymphatic system. This system serves to return to the 
veins the blood plasma which has escaped from the capillaries 
(Fig. 133). It contains white blood corpuscles of the ameboid type 
(lymphocytes), which have the power of making their way through 
the capillary walls. The lymphatics apparently originate as inter- 
cellular spaces in mesenchyme, which later become confluent and 
acquire a limiting endothelium. Like the blood vessels, the lymphatic 
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Fria. 133. Reconstruction of primitive lymphatic vessels in human fetus of two 
months. (From Arey after Sabin.) 


capillaries anastomose and form larger vessels which drain into 
the veins. The walls of these central vessels are often muscular, 
and localized areas known as lymph hearts are found. So, too, 
there are localized distensible regions called lymph sacs. Some of 
these become lymph glands. The spleen, already alluded to in the 
section on mesenteries (page 157), is a hemolymph gland in which 


both lymphocytes and erythrocytes are proliferated during embryonic 
life. 
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THE FROG 


Heart. The heart of the frog (Fig. 134) originates in stage 17 
as a loose clump of cells proliferated from the dorsal side of the 
splanchnic layer of mesoderm at the point where the right and left 
sheets of lateral mesoderm come together. These cells organize them- 
selves in the following stage into two small vesicles, which fuse 
shortly thereafter to form the endocardial lining of the heart. Mean- 
time the splanchic layer itself has grown up around the heart as.a fold 
on either side, the inner layer of the fold forming the epimyocardial 
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Fia. 134. Transverse sections to show origin of the heart in frog embryos (Rana 
pipiens). A, stage 17, B, stage 18, C, stage 19, D, stage 21. X35. 


wall of the heart, the outer giving rise to the outer lining of the peri- 
cardial chamber (page 158). Muscle cells appear in the myocardium, 
and the heart (Fig. 204) commences to beat in stage 19. The heart 
is at first a simple tube, but soon four regions are distinguishable. 
Commencing at the posterior end, we find first the sinus venosus, into 
which the meatus, formed by the fusion of the vitelline veins, enters. 
Then comes the thin-walled atrium (Fig. 210), continued by the 
muscular ventricle, which in turn opens into the bulbus arteriosus. 
This divides to give rise to the ventral aortae. The septum dividing 
the atrium into left and right atria, which receive blood from the 
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lungs and the rest of the body respectively, is not formed until after 
hatching (stage 21). 


. Arteries. The origin of the aortic arches is difficult to distinguish 
in sectioned material, and these are first clearly indicated in stage 20 
at the time when the circulation of the blood can be seen in the first 
gill bud (on the third visceral arch). Studies made with the aid of 
injected specimens indicate that the aortic arches arise as spaces in 
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Fie. 135. Plan of circulation in 11-mm. Rana pipiens embryo. From a graphic 
reconstruction. Dorsal view. 


the visceral arches. These spaces form ventral twigs (afferent 
branchial arteries) of the ventral aortae and dorsal twigs (efferent 
branchial arteries) of the dorsal aortae, respectively. In the gill buds 
these twigs unite to form capillary loops. Some writers have de- 
scribed an hyomandibular artery anterior to the afferent and efferent 
arteries of the third arch which courses through the second arch and 
supplies the first, but its homologies are still uncertain. Aortic 
loops arise in the third, fourth, fifth, and sixth visceral arches. After 
the appearance of the internal gills (Fig. 101), the ventral limb of 
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each loop becomes the afferent branchial artery of its gill, while 
the dorsal limb becomes the efferent branchial. With the loss of 
branchial respiration, arch III becomes the proximal portion of the 
carotid arteries, arch IV the systemic arch which persists on both 
sides, and arch V disappears, while from arch VI arise vessels which 
earry blood to both the lungs (pulmonary arteries, Fig. 135) and 
skin (cutaneous arteries). 


Vems. The vitelline veins anterior to the liver fuse to become the 
hepatic vein; posterior to the liver, the right vitelline vein disappears, 
the left becomes the hepatic-portal vein. The anterior cardinal 
veins become the internal jugular veins; the common cardinals be- 
come the precaval veins. The posterior cardinal veins fuse between 
the mesonephroi, and a new vein grows back from the hepatic vein 
to the right posterior cardinal, to form the postcaval vein. The 
posterior cardinals, anterior to their junction with the postcaval, 
degenerate. Posterior to this junction they persist as the renal-portal 
veins carrying blood from the iliac veins to the kidneys. 


Ventricle 
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Fic. 136. Stages in the development of the heart of the chick, as shown in wax 
reconstructions from the ventral side. 


THE CHICK 


Heart. The chick’s heart (Fig. 136) develops very much like the 
frog’s, except that the paired primordia of the endocardium (Fig. 
218) originate at a time while they are still separated by the open 
fore-gut (24 hours of incubation). Loose masses of cells migrate 
from the splanchnic layer of mesoderm on the side next the endoderm 
as in the frog (26-27 hours), form separate vesicles which are brought 
together on the ventral side of the fore-gut as the anterior intestinal 
posta moves back (27-28 hours), and finally fuse at 29 hours. The 
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epimyocardium is also formed as in the frog. The heart tube formed 
in this manner bends to the right at 33 hours (Fig. 221), begins to 
beat at 44 hours, and has formed a right-handed coil at the end of 
the second day (Fig. 233). 

The right and left halves of the heart are completely separated by 
three septa: the septum aorticopulmonale, which divides the bulbus 
into a chamber on the right leading to the pulmonary arteries and 
one to the left leading to the dorsal aorta; the interventricular sep- 
tum, which divides the ventricle; and the interatrial septum, which 
divides the atrium into two atria. This separation is completed at 
the end of the first week of incubation. The sinus venosus is incor- 
porated in the right atrium. 
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Fic. 137. Main blood vessels in the 72-hour chick. 


Arteries. Six aortic arches are formed (Fig. 236): I and II disap- 
pear on the third and fourth days of incubation; III forms the proximal 
portion of the internal carotid artery; IV disappears on the left side 
but persists as the systemic arch on the right; V disappears; the pul- 
monary arteries arise from VI, but the distal portion of the right arch 
remains as the ductus arteriosus until the chick hatches (Fig. 130C). 
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The arteries of the head, internal and external carotids, arise as 
prolongations of the aortic roots and ventral aortae, respectively. 
The arteries of the body arise from intersegmental branches of the 
dorsal aorta. Up to the time of hatching the largest of these are 
the paired vitelline arteries, which return blood to the area vasculosa 
(Fig. 137). 


Veins. The vitelline veins unite behind the sinus venosus to form 
the meatus venosus, which later becomes the hepatic vein. The por- 
tion of the meatus venosus surrounded by the liver breaks up into a 
capillary network within that organ. For a time the vitellines pos- 
terior to the liver serve as hepatic-portal veins.. On the fifth day of 
incubation a small vessel arises in the dorsal mesentery and joins 
the vitellines, now united by several anastomoses. This vessel, the 
mesenteric vein, becomes the portal vein of the young chick, and 
the vitelline veins atrophy after hatching. The allantoic veins grow 

backward from the common cardinals to join the capillaries of the 
allantois; the right allantoic degenerates on the fourth day, and the 
left acquires a new connection with the meatus venosus, by way of 
the left hepatic vein. The allantoic vein degenerates at hatching. 
Two precaval veins are formed from the proximal portions of the 
anterior cardinals and common cardinals. The posterior cardinals 
at first return the blood from the mesonephroi to the heart. At the 
end of the third day of incubation a pair of veins, on the ventral sides 
of the mesonephroi appear to supplement them. These are the sub- 
cardinal veins. The postcaval vein arises from (1) a branch of 
the meatus venosus which grows back to meet the right subcardinal 
vein, (2) the fused subecardinals which carry blood from the meso- 
nephros, and (3) the renal veins which develop in connection with the 
metanephros. The anterior sections of the posterior cardinals disap- 
pear, while the posterior sections, the renal-portal veins, carry blood to 
the mesonephros. After its degeneration, they Join the common iliac 
veins, which pass directly to the postcaval vein. 


MAN 


Heart. The first primordium of the heart is a thickening of the 
splanchnic layer of mesoderm in front of the head fold. As the head 
fold and subsephalic pocket enlarge, this plate is carried underneath 
the fore-gut and lies on the dorsal side of the developing coelomic 
split (Fig. 188). Two converging tubes are formed from the cardio- 
genic thickening, and these later fuse, commencing at the anterior 
end. No ventral mesentery is formed. The heart loops to the right 
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and forms a half coil so that the atrial limb lies dorsal to the ventricular 
limb. The subsequent partitioning of the heart into right and left 
halves is complicated, for two atrial septa are formed. The ventricle 
is separated by an interventricular septum, and the bulbus is divided 
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Fic. 138. Origin and development of the heart in human embryos. A, diagram of 

sagittal section before somite formation. B, same at 7-somite stage. (Both after 

Arey.) CC, ventral view at 6-somite stage. D, same at 1l-somite stage. (Both 
after Davis.) H, ventral view at 12-mm. stage (after Wirtinger). 
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Fig. 139. Circulation in human embryo at end of the first month. (Diagram after 
Patten and Davis, modified.) 
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by two septa which unite to form a septum aorticopulmonale. The 


sinus venosus is incorporated in the right atrium, although the middle 
portion can be distinguished as the coronary sinus. 


Arteries. The aortic arches are formed and have the same history 
as those of the chick, with the exception that it is the left fourth 
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Fic. 140. Origin of caval veins in human development. A, 6 weeks. B, 7 weeks. 
C, 8 weeks. D, adult. (After McClure and Butler.) 
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aortic arch which becomes the systemic arch (Fig. 130D). The 
arteries of the body arise from dorsal, lateral, and ventral interseg- 
mental branches of the dorsal aorta. 


Veins. The umbilical veins are the first to appear, and after them 
the vitelline veins (Fig. 139). Both are enveloped by the enlarging 
liver. 

The anterior portion of the right vitelline vein becomes the hepatic 
vein; the hepatic-portal arises from the posterior portion of the 
vitelline veins anterior to their junction with the mesenteric vein. 
Of the umbilical veins, the left only persists, with a direct connection 
through the liver by means of the ductus venosus (Fig. 252). At 
birth this duct closes and the umbilical vein disappears. 

The anterior cardinals are united by an anastomosis (left innominate 
vein), and the left common cardinal disappears with the exception 
of the oblique vein which returns blood from wall of the heart to the 
coronary sinus. The right common cardinal, together with that portion 
of the anterior cardinal as far as the branching of the left innominate; 
becomes the precaval vein. The precaval later acquires the azygous 
and hemiazygous veins, which originate from posterior cardinals and 
supracardinals as described below. The postcaval vein has a more 
complicated history and the details are still in dispute. After the 
postcardinals the next veins to appear are the paired subcardinals, 
ventral and mesial to the postcardinals on the lower surface of the 
mesonephros. After them the supracardinals make their appear- 
ance. These are dorsal and mesial to the postcardinals, and, as can 
be seen from Fig. 140, replace them to a considerable degree. A study 
of this figure will indicate how the postcava of the adult comes to 
consist of (1) a new vein derived from the hepatic, (2) a portion of 
the right subcardinal, (3) a connection between the right subcardinal 
and right supracardinal, (4) the right supracardinal, and (5) an 
anastomosis between the posterior ends of the postcardinals. 


CHAPTER 12 
SKELETON 


The skeleton of vertebrates consists of a system of supporting and 
protecting elements developed from mesenchyme. These elements 
pass through several conditions in later development. The primordia 
of the skeletal elements are preformed in connective tissue. These 
become transformed into cartilage, a process known as chondrification, 
through the activities of specialized cells, the chondrioblasts. Carti- 
lage in turn is transformed into bone, through the action of osteoblasts, 
the process being known as ossification. Bones that pass through 
these three stages are known as cartilage bones. In the formation of 
some bones, the cartilaginous stage is omitted; they are known as 
membrane bones. Both cartilage and bone are typically surrounded 
by a membrane of mesenchyme, which is called the perichondrium or 
periosteum, as the case may be. The separate elements of the skeleton 
are connected with each other by ligaments, by cartilage, or in a bony 
union. 
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Fig. 141. Diagram to show the skeleton-forming regions as seen in the tail region 
of a vertebrate. (After Kingsley.) 
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Skeletogenous regions. The principal regions where skeleton may 
be formed in the vertebrate body (Fig. 141) are (1) the dermis of 
the skin, (2) the median sagittal planes between the myotomes on 
the right and left sides of the body, (3) the right and left frontal 
planes between the dorsal and ventral muscle masses, (4) the trans- 
verse planes between the myotomes, (5) around the notochord, 
neural tube, and axial blood vessels, (6) in the visceral arches, 
and (7) in the paired appendages. Skeletal elements formed in (1) 

are called the dermal skeleton; 

those formed in (2) to (5), the 
Enamel axial skeleton; those formed in 
(6), the visceral skeleton; and 
“e-Dentine those formed in (7), the appendic- 
ular skeleton. The skull contains 
a elements from all but the appen- 
ai dicular skeleton. 


Fig. 142. Section of developing placoid The dermal skeleton. Among 
scale (Squalus acanthias) to show origin of 


He iste) rdeciat bonte Conibare’ Hie living vertebrates the most primi- 
93. (After Kingsley.) tive example of derm bones is the 
placoid scales (Fig. 142) of the 
cartilage fish, which are formed in exactly the same way as teeth 
(Chapter 8). In the dermal skeleton two types of bones are distin- 
guished. ‘The investing bones (dermal plates) serve to envelop regions 
of the head and trunk. The substituting bones become so closely allied 
with the cartilaginous bones as to become fused with them or even to 
replace them in ontogeny. Many of 
the cranial bones are of this type. Raa EER: Dermatomé 
They may be distinguished by the i Myotome 
fact that they do not pass through a 
cartilaginous stage in development. 
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The axial skeleton. The primitive’ == 
axial skeleton is the notochord, whose ; 
origin has been discussed in Chapter Fic. 143. Section through sclerotome 
5. Around this a connective tissue of lizard (Scleporus) to show arcualia. 
sheath is formed by mesenchymal (After Kingsley.) 


cells. The mesenchyme from each sclerotome now forms four little 
blocks, the arcualia (Fig. 143), two dorsal to the notochord and two 
ventral, from which the arches and centra of the vertebrae are formed, 
as well as the primordia of the ribs. The posterior arcualia of each 
somite unite with the anterior arcualia of the succeeding somite to form 
the definitive vertebra, which thus comes to lie at the point of separation 
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between two myotomes. Eight elements are thus concerned with a 
single vertebra: right and left dorsal arcualia from the anterior 
half sclerotome, and from the posterior half sclerotome, and the 
corresponding ventral elements. 


The vertebrae. In the prevertebral masses so formed appear centers 
of chondrification, one on each side of the spinal cord and one or 
more below the cord. These form, respectively, the neural arch 
and the centrum of the vertebrae, (Fig. 144). In the tail region, 
two centers of chondrification arise below the centrum, enclosing 


Fia. 144. Section to show ossification centers in human vertebra and ribs. (After 
Kollman.) 


the caudal prolongation of the dorsal aorta, and form a hemal arch. 
With the chondrification of the vertebrae the notochord disappears 
in all but the most primitive vertebrates, persisting only between the 
vertebrae as nuclei pulposi of the intervertebral discs. Finally the 
vertebrae become ossified, and. the spines, 

zygapophyses, and other differentiations ==>: 
are developed. 2 


The ribs. Except in the caudal region, 
lateral processes arise from the vertebral 
primordia and grow out into the myosepta. 
They later become cartilaginous, and 
finally true bone. These are the ribs, of, 
which there are two types, dorsal and 
ventral, distinguished according to the part 
of the vertebra from which they originate. 
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bone, arises in the amphibians from the (After Kingsley.) 
coalescence of two longitudinal bars of 

cartilage, which later articulate with the coracoids of the pectoral girdle, 
but do not come in contact with the ribs. In the amniota, the sternum 
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arises from the fusion of the ventral ends of the anterior rib rudiments. 
In this way there arise two longitudinal bars, from which the un- 
paired sternum is formed-by fusion along the mesial line (Fig. 145). 


The skull. The skull is a complex of skeletal elements, arising from 
the chondrocranium, or primitive cranium of cartilage bones, which 
is derived in part from the protective covering of the brain and sense 
organs (neurocranium), and in part from the supporting elements of 
the visceral arches (splanchnocranium). This is supplemented by 
numerous investing and substituting bones from the original Sane 
skeleton (dermocranium). 


Neurocranium. The neurocranium arises from the head mesen- 
chyme. In this mass, which completely invests the brain and sense 
organs, definite centers of chondrification appear. These masses 
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Fig. 146. Diagram showing components of chondrocranium (Squalus acanthias). 
(After Kingsley.) 


unite to form the chondrocranium of the cartilage fish (Fig. 146). If 
the notochord is used as a point of orientation, on either side of it 
a parachordal bar is found. In front of each of these is a separate 
rod; these are the trabeculae. Between the two parachordals and 
around the notochord, the basilar plate arises as the support of the 
epichordal brain. The trabeculae also fuse in front to form the 
ethmoid plate, which supports the prechordal brain, but they remain 
separate at their posterior ends to form an opening through which 
the pituitary projects downward. In front of the ethmoid plate the 
trabeculae grow forward as the cornua. Dorsal to each trabecula, 
another longitudinal bar, the sphenolateral, arises. Between these 
two bars the cranial nerves make their way to the exterior. 

Around each of the major sense organs a cartilaginous capsule 
develops. The olfactory capsules unite with the cornua, ethmoid, 
and sphenolaterals. The optic capsule rarely develops fully, usually 
persisting in the connective-tissue stage as the sclera of the eyeball. 
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The otic capsule, however, becomes completely chondrified and 
unites with the parachordals and the sphenolaterals. Between the 
two otic capsules and sphenolaterals arises a dorsal plate which 
forms a roof for the brain. In the amniotes, one or more neck verte- 
brae are consolidated with the occipital region. 


The splanchnocranium. The digestive canal in the head region 
consists of the mouth, oral cavity, and pharynx, the walls of the 
pharynx being penetrated by the visceral clefts. There is no coelom 
here and the lateral mesoderm is not divided. Supplemented by 
mesenchyme from the neural crest it is divided into cartilaginous bars 
supporting the wall of this part of the body. These visceral arches are 
the mandibular, hyoid, and four (or more) branchial arches. The 
mandibular arch divides into dorsal and ventral portions, of which 
the dorsal portion becomes the pterygoquadrate cartilage (upper jaw 
of cartilage fish) ‘while the ventral portion becomes the meckelian 
cartilage (lower jaw). The hyoid arch divides into a dorsal hyo- 
mandibular cartilage and a ventral hyoid cartilage which is usually 
diyided into several centers of chondrification. The hyomandibular 
acts as a suspensory element for the jaws,in the fish. It is homolo- 
gized with a bone of the middle ear, the columella, in amphibians, and 
the stapes of mammals (see page 241). The hyoid becomes the 
support of the tongue. The branchial arches are usually divided into 
four parts and act as gill supports in the anamniota. They disappear 
or become pharyngeal and laryngeal cartilages in amniota. 
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Fria. 147. Diagram showing components of vertebrate skull, generalized. Ventral 
view. Chondrocranium stippled, dermal elements in outline. (After Kingsley.) 


Ossification of the chondrocranium. The limits of this book will 
not permit of an enumeration of all the bones formed from the chon- 
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drocranium (Figs. 147, 148, 149). They may be grouped, however, 
as follows: (1) the occipitals, formed from the occipital vertebrae; 
(2) the sphenoids, arising from the parachordals, basilar plate, tra- 
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Fig. 148. Dorsal view of skull diagrammed in Fig. 147. 


beculae, and sphenolaterals; (3) the ethmoids, from the ethmoid plate 
and nasal capsule; (4) the otics, from the otic capsule. The ptery- 
goquadrate bar gives rise to the pterygoid bones and the quadrate 
(which in mammals becomes the incus of the middle ear). The 
meckelian cartilage gives rise to the articular bone at its proximal 
end. This becomes the malleus, an- 
other ear bone, of the mammals. The 
— Nasal remainder of the meckelian persists 
— Lachrymal as cartilage. In the hyoids and the 
branchials, bones are formed which | 
retain the names of their cartilaginous 
predecessors. 
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The dermocranium (Figs. 147, 148, 
eee 149). The derm bones which invest 
Interoccipital and, to some extent, supplant the ele- 
Dermoceipital ments of the chondrocranium are too 
Fia. 149. Lateral view of skull !Umerous to be more than mentioned 
diagrammed in Figs. 147, 148. here. The dorsal derm bones are, 
from front to rear, the nasals, frontals, 

and parietals, together with a number of smaller bones which appear in 
variable quantity in the different classes. The principal lateral 
elements, from front to rear, are the premaxillae, maxillae, jugals 
quadratojugals, and squamosals. The floor of the chondrocranium 
is invested by the parasphenoids, palatines, and vomer. The lower. 
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jaw is invested by a series of bones, the most important of which is 
the dentary. 


The appendicular skeleton. The simplest forms of appendages, 
the unpaired and paired fins of fish, contain a skeleton consisting of 
parallel cartilaginous rods, which are divided into proximal portions, 


basalia, embedded in the body, the distal 
portions, radialia, extending into the free ° Z e 
appendages. The paired appendages of fish E A 2 


are paddle-like fins; in tetrapods they are 
jointed legs. In both, the skeleton is divided 
into a basal girdle and a free appendicular 
skeleton (Fig. 150). 


The girdles. The girdles are in the form 
of inverted arches, of which the pectoral 
girdle is united to the axial skeleton in fish 
and free in the tetrapods, while the pelvic 
girdle, usually free in fish, is united to the 
axial skeleton in the tetrapods. Each arch 
typically consists of three portions. The 


dorsal one in the pectoral girdle is the “ae Ulna 


. i Gs a“ Tia Radius 
scapula; in the pelvic girdle it is called the 


ilium. The two ventral elements of the Tarsals Soo Carpals 


pectoral girdle are the precoracoid (an- Metatara Metacarpals | 
terior) and the coracoid (posterior), while f in 1 Syren 
the corresponding elements of the pelvic f ia 


girdle are the pubis and ischium. The 

lavicle, originally a derm bone, is associ- 713,150. Diagram of ap- 
. eh y ; , ~  pendicular skeleton, tetra- 
ated with the pectoral girdle. pod type, showing homolo- 


gies of pectoral elements 
The free appendages. The pectoral and above and to left; pelvic ele- 


pelvic appendages are very similar. Each ments below and to right. 
has three segments: proximal, intermediate, (After Kingsley.) 

and distal. The proximal segment of the pectoral appendage con- 
tains one bone, the humerus, while the corresponding bone of the 
pelvic limb is called the femur. The intermediate portion of the 
pectoral limb possesses two bones, the radius and ulna; while the 
corresponding bones of the pelvic appendage are the tibia and fibula. 
The distal segment is divided into three regions of which the proximal 
portion contains nine or ten bones, the carpals of the pectoral ap- 
pendage, tarsals of the pelvic. The intermediate portion contains 
five metacarpals or metatarsals, respectively. The distal portion con- 
tains the free phalanges of the fingers or toes. 
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Origin of the appendicular skeleton. All the bones of the appen- 
dicular skeleton, with the exception of the clavicle, are formed from 
a mesenchymal blastema in the limb buds by the appearance of 
centers of chondrification. The origin of this blastema was formerly | 
thought to be from the sclerotomes, but the weight of evidence seems 
to indicate an origin from the somatic layer of mesoderm in the de- 
veloping limb bud. 


THE FROG! 


Nine vertebrae are formed, of which the first is known as the 
cervical vertebra, or atlas, the succeeding seven are the abdominal 
vertebrae, and the last is called the sacral vertebra as it is to this 
that the pelvic girdle is attached. No caudal vertebrae are formed, 
but three strips of cartilage enclose the notochord and form the pri- 
mordium of the adult urostyle. Dorsal ribs are differentiated, but 
these remain rudimentary and fuse with the transverse processes of 
the vertebrae. The sternum arises from the fusion of two longitudinal 
bars of cartilage which never attain connection with the ribs. It 
persists anterior and posterior to the pectoral girdle. 

The cartilage bones of the skull are the exoccipitals, prodtics, stapes, 
ethmoids, and the pterygoquadrate (in part), articulare, mentomecke- 
lian, hyoid, and branchials. The derm bones are the frontoparietal, 
nasals, premaxillae, maxillae, quadratojugals, squamosals, para- 
sphenoid, palatines, vomers, and dentaries. 


1 The details of the skeleton in this and succeeding paragraphs are for reference 
only. A 
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In the pectoral girdle develop the scapula, coracoid, and precoracoid, 
the last of which is replaced by the clavicle. In the pelvic girdle 
only the ilium and ischium ossify. Only four digits are present in 
the hand, the thumb (pollex) being absent. 


THE CHICK 


There are sixteen cervical vertebrae, of which the first is the atlas, 
and the second, which has appropriated the centrum of the first, is 
the axis; five thoracic vertebrae; about six lumbar vertebrae; two 
sacrals; and about fifteen caudals. The last thoracic, all lumbars, 
and sacrals and five caudals are fused to the pelvic girdle. The last 
four caudals are fused in a pygostyle. Dorsal ribs are formed by 
the cervical and the thoracic vertebrae. The sternum arises from 
two longitudinal bars of cartilage which unite in the median line. It 
is distinguished by the development of a large keel (carina) for the 
attachment of the pectoral muscles. 

The cartilage bones of the skull are the barioocinitals exoccipitals, 
and supraoccipitals; proGtics, epiotics, and opisthotics; basisphenoid, 
orbitosphenoids, and alisphenoids; the ethmoid; quadrate, articular, 
meckelian cartilage; stapes, hyoid, and branchials. The derm bones 
are the frontals, parietals, nasals, lachrymals, premaxillae, maxillae, 
jugals, quadratojugals, squamosals, pterygoids, palatines, para- 
sphenoids, vomer, angular, supra-angular, opercular, and dentary. 

The pectoral girdle develops a scapula and coracoid, together with 
a dermal clavicle. Ilium, ischium, and pubis ossify separately in 
the pelvic girdle. Five digits are preformed in the pectoral appendage; 
of these the first and fifth fail to develop further. Five also appear 
in the embryonic skeleton of the pelvic appendage; the fifth soon 
disappears, and the first is extremely short and develops no phalanges. 


MAN 


Seven cervical vertebrae, including the axis and atlas, twelve 
thoracic, five lumbar, five sacral, and four caudal vertebrae are formed. 
Of these, the sacral vertebrae are united to the pelvis, and the caudal 
vertebrae are frequently fused to form the coccyx. Primordia of 
ribs are formed by all vertebrae except those following the first 
caudal. Only the thoracic segments, however, develop complete ribs. 
The sternum arises from two longitudinal primordia with which the 
first eight or nine ribs acquire cartilaginous connections. 

The cartilage bones of the skull are the occipital (in part), the 
sphenoid, the ethmoid, the turbinates, temporals (in part), the stapes, 
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malleus, incus, and hyoid. The malleus and incus are the representa- 
tives of the articular and quadrate. The derm bones are the occipital 
(in part), temporals (in part), frontal, parietals, lachrymals,-nasals, 
vomer, maxillae, zygomatics, palatines, and mandible, the last-named 
bone representing the fused dentaries. It is apparent that many of 
the bones of the human skull are the result of the fusion of separate 
centers of ossification which represent skull elements of the lower 
vertebrates. The second and third visceral arches contribute to the 
formation of the hyoid, the others to the laryngeal cartilage. 

The pectoral girdle consists of the scapula, with which is fuséd 
the coracoid. There is no precoracoid, but a dermal clavicle is 
present.. The centers of ossification that represent the pubis, ischium, 
and ilium fuse to form an innominate bone. The free appendages 
terminate in five digits. In conclusion, it should be mentioned that 
the adult condition of the human skeleton is not attained until 
the age of twenty-five. 


CHAPTER 13 
MUSCLES 


The musculature of the vertebrate is derived from mesenchyme 
(Fig. 151), of which the greater part originates from the myotomes 
and gives rise to striated muscle cells, controlled by the central nervous 
system, the skeletal musculature. A portion, however, originates 
from splanchnic mesoderm and gives rise to non-striated (smooth) 
muscle cells found in the skin, surrounding the alimentary canal, 
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Fic. 151. Diagram of transverse section through vertebrate embryo in region of 
limb bud, to show origin of appendicular muscles. (After Corning.) 


blood vessels, and the urogenital organs. They are controlled by 
the sympathetic nervous system (page 229) and make up the visceral 
musculature. Several exceptions to these general statements should 
be noted. The muscle cells of the heart are striated; the muscles 
derived from the visceral arches are both striated and controlled by 
the central nervous system, although derived from head mesenchyme. 
It will be noted later that the muscles of the iris of the eye (page 239) 
and of the sweat glands (page 215) are apparently ectodermal in 
origin. 

Dermal musculature. Attached to the skin are striped muscles which 
are derived from skeletal musculature (see below) but have lost 
their attachment to the skeleton. The dermal musculature is best 
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developed in the amniotes. The muscles of expression in man are 
dermal muscles supplied by the seventh cranial nerve (see Chapter 15). 


Azial- musculature. In‘this section are included all the muscles 
arising from the myotomes and attached to parts of the axial skeleton, 
which they move. They are originally metameric, but their later 
history is obscured by subsequent migration, fusion, splitting, budding, 
and degeneration. The intercostals, between the ribs, however, 
preserve their original metamerism, which in the others may be traced 
to some extent by the inner- 
vation, since the connection 
between a spinal nerve and 
the muscle mass it supplies 
is established early in or- 
ganogeny and remains con- 
stant. Thus it can be 
shown that the musculature 
of the diaphragm, supplied 
by the phrenic nerve, arises 
from a cervical myotome. 


Fig. 152. Head of embryo dogfish (Squalus ee fC ae 
acanthias), showing preotic somites (A, B, C’) and cranium, the muscles as- 
cranial nerves (V, VII, IX, X). (After Kings- sociated with it are derived 
ley.) from different sources.. The 

muscles of the eyeball arise 

from the three preotic myotomes (Fig. 152), of which the first 
forms all the muscles of the eyeball except the superior oblique 
derived from the second myotome, and the lateral rectus, Bevel 
from the third head myotome. These are innervated by the third 
fourth, and sixth cranial nerves, respectively. The tongue Se itate 
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Fia. 153. Diagram to show hypothetical relationship of branchiomerice muscles to 
visceral arches and cranial nerves. (After Wilder.) 
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lature is derived from the myotomes associated with the occipital 
vertebrae and supplied by the twelfth cranial nerve. The muscles 
of mastication, the facial muscle, and the laryngeal muscles, together 
with those of the ear bones, arise from the visceral arches (Fig. 153), 
and are supplied by cranial nerves V, VII, IX, X, and XI (see 
Chapter 15). These muscles can probably be traced back to head 
mesenchyme rather than splanchnic mesoderm as formerly assumed. 


Appendicular muscles. It was formerly held that the appendicular 
muscles arose from processes proceeding from the myotomes in the 
neighborhood of the limb bud. This has been denied in the case of 
birds and mammals, and studies made in the author’s laboratory 
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Fic. 154. Reconstruction of the pectoral muscle masses in a 17-mm. Necturus, 
prepared by H. F. DeBruine. 


(Chen, 1935) on the development of the pectoral limb of Necturus 
indicate that even in the amphibia the appendicular muscles develop 
in situ from somatic mesoderm. 

The limb bud develops as an undifferentiated mass of mesenchyme 
surrounded by ectoderm. In this blastemal mass, muscles and bones 
are laid down, the differentation proceeding from the proximal toward 
the distal end. The pectoral muscles differentiate before those of 
the pelvic appendage. The appendicular muscles are found in 
antagonistic groups: protractors, which move the limb forward; and 
retractors, which have the opposite effect; levators, which raise the 
limb; and depressors, which contract in the opposite direction. Like 
the axial muscles, these have become highly modified and specialized 
among the tetrapods (Fig. 154). 
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Visceral muscles. Under this head are included the muscles lining 
the alimentary tract, lungs, vascular organs, and urogenital system. 
All arise in the splanchnic, mesoderm which surrounds the endothelial 
lining of the organs concerned. 


Heart. The muscle of the heart arises as a network of smooth muscle 
fibers which later become striated. The fibers early become connected 
by protoplasmic processes to form a syncytium. It is interesting in this 
connection that the smooth muscle cells of the bladder of the dog 
have been transformed into what are apparently striated muscles when 
this organ is made to pulsate rhythmically by continued irrigation. 


Notr. The study of comparative myogeny has not arrived at 
the stage where it would be profitable to summarize our information 
about the development of the muscles in frog, chick, and man. 


Cuapter 14 
INTEGUMENT 


The integument consists of two parts, the ectodermal epidermis 
and the mesodermal dermis (corium). The epidermis soon delami- 
nates into two layers, the deeper germinativum, from which new 
strata are proliferated towards the exterior, and an outer periderm 
or embryonic skin (Fig. 155). Beneath the periderm, cells derived 
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Fria. 155. Sections through. human fetal skin. A, neck. B, chin. (From Arey 
after Prentiss.) 


from the germinativum are transformed into a horny layer, the 
corneum. The underlying dermis is essentially a supporting layer 
of mesenchyme cells. It has generally been believed that the dermis 
was derived from the so-called dermatome, the most lateral region 
of the primitive somite. This idea has been questioned, however, 
and some investigators hold that the dermis originates from the 
somatic layer of the mesoderm, at least in part. In the dermis are 
formed blood vessels, connective tissue, bone, and muscle. The bony 
scales of fish are dermal in origin. 


The corneum. It is this layer which gives rise to such horny 
derivatives as scales, feathers, and hair. Scales originate from 
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regions of local growth in the corneum (Fig. 156A). They are found 
only among the amniota, where they are represented by structures 
(Fig. 156A), such as the-scales of reptiles, or those found on the 
legs of birds, the tails of rats, etc. Among the birds, scales are largely 
replaced by feathers which originate in much the same manner as 
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Fic. 156. Diagrams showing similar development in A, scale; B, feather; and C, 
hair. (After Kingsley.) 


scales. The epidermal plate, however, grows down like a cup to 
enclose a core of dermal origin (Fig. 156B). The epidermal sheath 
gives rise to the quill and barbs, the core gives’ rise to the pulp, by 
means of which nutriment is supplied to the developing feather. 
Among the mammals, hair arises in a very similar fashion. An 
epidermal plate grows down into the dermis to form the hair bulb, 
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Fic. 157. Diagrams to show ectodermal primordia of A, nail, B, claw, and C, hoof. 
Above in sagittal sections; below ventral view. (After Kingsley.) 
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the proximal end of which invaginates to receive a mesodermal core, 
the hair papilla, while around the whole is a mesodermal hair sheath 
(Fig. 156C). The hair papilla, however, does not grow out into the 
center of the hair as does the pulp of the feather. Claws, nails, and 
hoofs arise from the union of two epidermal primordia like those 
of scales, a dorsal unguis and a ventral subunguis (Fig. 157). 
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The germinativum. The germinativum, in addition to producing 
the more superficial layers of the epidermis, gives rise to the glands 
of the skin (Fig. 158). Among the anamniotes, these glands are 
usually unicellular and produce the 
mucus- which serves to diminish Unicellular Multicellular 
the friction of the skin against ging giana 
the water while swimming. Uni- Ye eel Fo 
cellular glands frequently aggregate 
to produce multicellular glands, 
such as the suckers or cement 
glands of the frog. The sebaceous 
(oil) and sudoriparous (sweat) 
- glands of the mammals are also 
multicellular glands. The sebaceous 
glands are usually associated with 
hair follicles (Fig. 156C). The 
mammary glands of mammals are 
modified sudoriparous glands secreting the milk by which the new born 
are nourished through infancy. 


Epi- 
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Fria. 158. Section of Protopterus skin 
to show glands. (After Kingsley.) 


The dermis. Two types of pigmentation are to be distinguished 
in the integument. The first is produced by pigment secreted in 
the ectodermal epidermis, i.e., the melanin, of the frog tadpole. The 
second is produced by chromatophores, which are mesenchyme cells 
of the dermis or neural crest. These secrete pigment granules and form 
a layer immediately below the epidermis, some even wandering into 
the epidermis itself. 


THE FROG 


The epidermis of the frog develops cilia in stage 15 when the 
rotation of the embryo in its egg envelopes begins. These cilia are 
borne only on a particular type of rather large cell with clear proto- 
plasm which is easily recognized. The rotation seen during gastrula- 
tion is probably due to the shifting of the center of gravity as the 
yolk mass is displaced. As development proceeds, the cilia disappear 
except on the tail, to which they are limited in stage 25. The Jaws 
(Fig. 210) and oral combs of the tadpole are derivatives of the 
corneum and consist of rows of horny denticles forming replacement 
series. Cornification commences in stage 24. Lieberkind (1937), 
in a monograph on the amphibian adhesive organs, distinguishes 
two types of origin for the anuran oral sucker or cement gland, 
according to whether the suckers arise from one primordium or 
two. He set up also eight stages in its development which fit well 
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with the stages observed in Rana pipiens. It appears first as a 
pigmented area in the epidermis on the ventral side of the head at 
stage 14. The epidermal cells thicken and form two U-shaped glands 
(Figs. 199, 205), one on either side of the stomodeal pit. They 
secrete an adhesive substance (mucus) by which the larva attaches 
itself to the egg mass or aquatic plants after hatching. The suckers 
reach their maximum development in stage 20, and begin to degenerate 
thereafter. The site of these glands is marked only by a pigmented 
area (Fig. 211) in stage 25. The pigmentation of the skin is derived 
from two sources, the melanin of the egg which is distributed to 
the epidermis, and the mesenchymal chromatophores (Fig. 214) which 
are found in the dermis. ‘They appear for the first time in stage 21. 


THE CHICK 


The scales on the legs are typical reptilian scales and are derived 
from the corneum; they sometimes bear feathers in the young bird 
and so form a transition between scales and the characteristic avian 
feathers. The claws arise in the corneum from two primordia, a 
dorsal “ claw plate ” and a softer “ claw sole.” To prevent the sharp 
claws tearing the embryonic membranes, the concavity of the claw 
is filled with a pad known as the neonychium, derived from the 
corneum, which is lost after hatching. The beak arises from the 
corneum around the upper and lower margins of the jaws. The egg 
tooth is a horny prominence on the dorsal side of the upper jaw, 
appearing on the sixth day of incubation but not taking on its 
ultimate shape until the fourteenth. It serves to aid in breaking 
the shell and is lost after hatching. 


MAN 


The nails arise from nail plates and sole plates, of which the 
latter are rudimentary structures. They are covered during fetal 
life by the eponychium, consisting of the periderm and outer layers 
of the corneum. The hairs are arranged in patterns which have 
been interpreted as reminiscences of the ancestral scales. The first 
growth of hair is called the lanugo; it is cast off, except over the 
face, soon after birth, The mammary glands arise from two longi- 
tudinal thickenings of the epidermis, known as the milk ridge. In 
later development the gland resembles an aggregation of sudoriparous 
glands. 


CHAPTER 15 
NERVOUS SYSTEM 


In the adult vertebrate the nervous system consists of the brain 
and spinal cord (central nervous system), their nerves (peripheral 
nervous system), and a semi-independent system of nerves and ganglia 
(sympathetic nervous system). Functionally these structures are 
associated with the sense organs on the one hand (receptors) and 
muscles or glands on the other (effectors). From the developmental 
point of view, the development of the nervous system is inextricably 
associated with some of the more concentrated sense organs, such 
as the nose, eye, ear, and lateral line system (when present). 

Both the nervous system and the sense organs arise from specialized 
‘regions of the dorsal ectoderm, known respectively as the neural 
plate and the sense plates (placodes). Both the neural plate and 
the sensory placodes withdraw from the surface and become sub- 
epidermal by a process of invagination. In this connection it is 
interesting to note that the optic placode is incorporated into, and 
invaginates with, the neural plate so that, when the retina of the 
eye develops, it does so from the brain. 


Neural tube. The origin of the neural tube is from the neural 
plate, which, as we have already seen (page 89), arises from cells 
which can be identified in the blastula stage, if not earlier. It will 
be remembered that this area lies next to the area of the presumptive 
chorda-mesoderm (Figs. 55, 62). It will be shown later (Chapter 17) 
that the presence of the chorda-mesoderm underneath the neural 
plate is necessary to bring about the formation of the neural tube. 
The method by which the tube is formed has been described in 
Chapter 5. The cavity of the tube remains open as the cerebrospinal 
canal. Its walls give rise to the brain and spinal cord. 


Neural crest. When the neural folds meet in the midline to produce 
the neural tube (Fig. 159), the strip where they unite lies between 
the epidermis and the tube. This strip is the neural crest. It later 
divides into two strips, one on either side of the neural tube. The 
strips fragment to become the cerebrospinal ganglia, and from them 
move loose aggregates of cells which take part in the formation of 
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the sympathetic ganglia, the suprarenal gland, and, in the amphibia, 
head mesenchyme, the visceral skeleton, and pigment. 
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Fig. 159. Diagrams to show origin of neural tube and crest. A, neural plate. B, 
neural groove and folds. C, neural folds in contact. D, neural tube. 


Sensory placodes. While these plates give rise mainly to sensory 
organs, they contribute also cells which are incorporated in cerebral 
and sometimes spinal ganglia. 
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Fie. 160. Diagrammatic section of neural tube and ganglia, to show origin of 
afferent and efferent neurons. 


The neurons. The inner lining of the neural tube, corresponding 
to the outer layer of the neural plate, is called the ependyma. This 
is the center of cell proliferation. Two types of cells are formed: the 
supporting cells, or spongioblasts; and the embryonic nerve cells, or 
neuroblasts (Fig. 160). The neuroblasts migrate out of the epen- 
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dyma and form an intermediate mantle layer in which they become 
transformed into neurons. These nerve elements have a prolonga- 
tion at one end known as the axon or nerve fiber; at the other end 
are branched projections called dendrites. The axons grow out. from 
the mantle layer into the outer layer of the cord, known as the 
marginal layer, where the medullary (myelin) sheaths which act 
as insulating coats are formed. Not all axons become medullated. 
In the ganglia, meantime, neurons and supporting cells are differenti- 
ated. These ganglionic neurons are bipolar, i.e., have two axons. 

The bipolar neurons arising in the ganglia are sensory in nature, 
for they send out one process to a receptor, the other to the dorso- 
lateral angle of the neural tube. They are also afferent, for the 
nervous impulses which they convey run from the receptor to the 
central nervous system. Some of the neurons originating in the 
tube itself send out their axons from the ventrolateral angle to some 
effector, and are therefore known as motor. They are efferent, for 
they convey nervous impulses from the central nervous system to 
the effector with which they are connected. The other neurons 
le wholly within the walls of the tube and serve to connect afferent 
and efferent neurons. 


The spinal cord. The spinal cord, or neural tube exclusive of 
the brain, retains its primitive characteristics. The cavity, or 
neurocoel, persists as the central canal. Between each pair of 
vertebrae the afferent and efferent neurons form a pair of spinal 
nerves which run out into the myotomes and hence have a metamerism 
equivalent to that of the myotomes, an important point in considering 
the homologies of the muscles. In the region of the pectoral and 
pelvic appendages, several of the segmental nerves combine to form 
the brachial and the sacral plexus, respectively. The development 
of the nerves will be taken up in a later section. The cord becomes 
surrounded by an envelope of mesenchyme known as the meninx, 
which in the higher vertebrates becomes divided into an inner pia 
mater and an outer dura mater. 

In cross-section it can be seen that the spinal cord possesses an 
ependyma, mantle layer, and marginal layer. The roof and floor 
of the tube remain comparatively thin, but a multiplication of neurons 
in the dorsal and ventral angles of either side lead to a distinction 
between a dorsolateral alar plate (Fig. 161) (to which the afferent 
neurons send their axons) and a ventrolateral basal plate (from which 
the axons of the efferent neurons extend). Between the alar and 
basal plates there is a groove on the inner wall of each side. This 
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is the sulcus limitans. In the marginal layers are the bundles of 
axons. Those on the dorsal side are from afferent neurons. Those 
of the lateral and ventral region serve to connect different regions 
of the cord itself or to connect these regions with the brain. 
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Fia. 161. Transverse section of human spinal cord at 6 weeks. X30. (From 
Arey after Prentiss.) 


The brain. In all vertebrate embryos the brain arises as a dilation 
at the anterior end of the neural tube, and here the neural folds come 
together earlier than in the cord. The first means of distinguishing 
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Fia. 162. Diagram to show origin of main divisions of the brain. A, before ap- 
pearance of vesicles. B, at the three-vesicle stage. C, at the five-vesicle stage. 


the parts of the brain is found in the relationship between brain and 
notochord. As the brain extends farther forward than the notochord, 
it consists at first of a prechordal and an epichordal portion (Fig. 1624). 
The prechordal portion soon bends ventrally around the tip of the 
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notochord, thus giving rise to the first or cranial flexure. Three 
regions of local dilation (primary vesicles) now make their appearance 
(Fig. 162B). In the prechordal portion there is the fore-brain or 
prosencephalon; in the region of the cranial flexure, there is the 
mid-brain or mesencephalon. The hind-brain or rhombencephalon 
arises in the epichordal region. The primary vesicles are soon 
converted into the five definitive vesicles (Fig. 162C) through the 
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Fig. 163. Stages in the development of the human brain. A, 3-mm.embryo. B, 
4-mm. embryo. C, 8-mm.embryo. D, embryo at 7 weeks. “ H, fetus of 3 months. 
F, fetus at 6 months. (A-EF after Patten, / after Kollmann.) 
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division of the prosencephalon into the anterior telencephalon and 
posterior diencephalon, and through a similar division of the rhom- 
bencephalon into the anterior metencephalon and posterior myelenceph- 
alon which merges into the spinal cord. 

Within the brain itself local aggregates of neurons form nuclei, 
either sensory or motor in function. Furthermore, on the dorsal 
surface there are three great enlargements, the cerebral hemispheres 
of the telencephalon, the corpora bigemina (or quadrigemina of 
mammals), and the cerebellum. These are the so-called higher. 
centers of the brain. In surveying the later development of the 
human brain (Fig. 163), we shall find it convenient to commence 
at the posterior end. 


Myelencephalon. The.roof plate of the myelencephalon is thin 
and vascular, becoming the chorioid plexus of the fourth ventricle. 
This ventricle is made up of the cavity of the myelencephalon 
(myelocoel) and that of the metencephalon. The alar plate contains 
sensory nuclei and the basal plate motor nuclei. The cranial nerves 
originating from this part of the brain (V-XII) will be discussed 
later. The floor plate persists only as a raphe immediately beneath 
the median sulcus. 


Metencephalon. The roof plate persists as a short anterior velum 
‘and posterior velum separated by the cerebellum formed by the 
greatly enlarged alar plates. The basal plates give rise to the pons 
on the ventral side. The floor plate is represented by a raphe. 
The cavity of the metencephalon (metacoel) unites with the myelocoel 
to form the fourth ventricle of the adult. 


Mesencephalon. The roof plate of younger embryos disappears 
as the alar plates enlarge to form the optic lobes. These are known 
as the corpora bigemina (to avoid confusion with the primordia of 
the retina) except in mammals where there are four such bodies, 
corpora quadrigemina (colliculi). From the basal plates are formed 
the cerebral peduncles, which contain fibers connecting the parts 
of the brain anterior to the mesencephalon with levels posterior to 
it. It is stated that the floor plate is not represented in the 
mesencephalon. The cavity of the mesencephalon (mesocoel) is 
reduced to the narrow iter (aqueduct) which connects the fourth 
ventricle with the third. The cranial nerves of this division are 
the third and fourth (see page 227). 


Diencephalon. This section of the brain has a thin roof plate 
which becomes the choroid plexus of the third ventricle, a name 
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applied to the diacoel in the adult. No basal or floor plates exist, 
according to the latest investigations, so that the sides and floor 
of the diencephalon are formed by the alar plates. The most dorsal 
division of each alar plate is the epithalamus. In the posterior part 
of the diencephalon the epithalami on either side unite in the 
midline and give rise to an evagination known as the epiphysis. This 
becomes the pineal gland of the adult, presumably endocrine, but 
of unknown functions. It is not to be confused with the paraphysis, 
which in the lower vertebrates sometimes gives rise to a rudimentary 
or vestigial parietal or median eye. Ventral to the epithalamus 
on either side is the thalamus, separated by the thalamic sulci from 
the hypothalamus below. The hypothalamus forms the floor of the 
diencephalon. In this region, commencing at the posterior end 
and extending forward, are the following structures: a pair of 
mammillary bodies, a median swelling called the tuber cinereum, © 
a depression known as the infundibulum to which the hypophyseal 
pouch (page 138) attaches itself, the optic chiasma arising from 
the crossing of the optic nerves, and, most anterior of all, the stalks 
of the optic vesicles from which the eyes arise (page 238). The 
thalami of the diencephalon contain many nuclei, including those 
which receive the afferent impulses from the optic nerves (II) and 
transmit impulses from one part of the brain to another. 


Telencephalon. Like the diencephalon, this part of the brain is 
constructed solely from roof and alar plates. In the posterior part 
of the telencephalon the roof plate unites with that of the diencephalon 
to form the choroid plexus of the third ventricle. More anteriorly 
it is lost in the expansion of the alar plates. These give rise to three 
divisions of the telencephalon. Lowest is the corpus striatum con- 
tinuous with the thalamus. Anterior and dorsal to the corpora 
striata come the olfactory lobes (rhinencephalon, archipallium) which 
receive the first cranial nerves. The rest of the sides and roof 
become the cerebral hemispheres (neopallium). These parts of 
the brain are distinguished by the movement of neuroblasts through 
the white medullated layer to form a thin superficial layer of neurons, 
the cortex of the cerebrum. The evagination of the cerebral hemis- 
pheres gives rise to two cavities (lateral ventricles). 


Spinal nerves. It has been stated on an earlier page that, in 
addition. to the neurons whose axons lie wholly within the brain and 
cord (Fig. 164), there exists afferent neurons whose cell bodies lie 
in the spinal ganglia and efferent neurons whose bodies lie in the 
cord itself. Both these groups may be subdivided further. Thus 
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there are two types of afferent neurons: the somatic afferent neurons 
of the general type which convey impulses originating in the skin, 
and visceral (splanchnic) -afferent neurons of the general type which 
convey impulses originating in the viscera. There are also special 
types of both somatic and visceral afferent neurons which are found 
only in the cranial nerves. The efferent neurons also fall into two 


Effector 


Fia. 164. Diagram to show sections of the spinal cord at three different levels 
with pathways of communicating neurons indicated by dotted lines. 


groups, the somatic efferent neurons which stimulate skeletal (striped) 
muscles and the visceral (splanchnic) efferent neurons which stimulate 
smooth muscles and glands. Special efferent neurons are found in 
the cranial nerves supplying the branchiomeric musculature. 

The nerves are segmentally arranged bundles of afferent and 
efferent neurons originally associated with the myotomes. The 
afferent neurons arise in the ganglia, the efferent in the floor of the 
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spinal cord. Accordingly, a typical spinal nerve (Fig. 165) has two 
roots in the cord; a dorsal afferent root containing the ganglion, and 
a ventral efferent root which unites with the dorsal root to form 
' the nerve trunk. The trunk soon divides into branches, each con- 
taining afferent and efferent neurons. These are called rami and 
supply the body wall, although one (the communicating ramus) 
connects with a sympathetic ganglion, derived from a spinal ganglion, 
through which the visceral afferent and efferent neurons serve the 
viscera. 
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Fic. 165. Diagram to show the neuron components of a spinal nerve. ‘Transverse 
section of 10-mm. human embryo. (From Arey after Prentiss.) 


Origin of reflexes. It has been shown by Coghill that the develop- 
ment of behavior is closely paralleled by the development of the 
connections (synapses) between the neurons. Thus in the urodele, 
Ambystoma, the ‘first reflex of the embryo, a bending away from a 
light touch on the skin, does not také-place until an intermediate 
neuron in the spinal cord has established synaptic relations with 
the sensory tract on one hand and a floor plate cell which already 
has established a synaptic relation to the motor tract on the opposite 
side of the spinal cord (Fig. 166). 


The cranial nerves. The cranial nerves, or nerves of the head 
region, contain not only splanchnic and somatic afferent and efferent 
neurons comparable to those of the spinal nerves, but also special 
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afferent neurons from the nose, eye, ear, and lateral line system. » 
There are also special efferent neurons to the branchiomeric muscles. 
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Fic. 166. Diagram to show in transverse section of Ambystoma larva, neurons 
concerned in earliest reflex. (From Coghill, Anatomy and the Problem of Behavior.) 
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Fig. 167. Diagram to show relationships between cranial nerves and parts supplied. 
A, B, C, head somites. Arabic numerals, visceral arches. Roman numerals, cranial 
nerves. 


THE CRANIAL NERVES 227 


There are ten cranial nerves in the anamniotes (Fig. 167), twelve 
in the amniotes (Fig. 171). To these should be added in all cases 
the terminal nerve, unknown when the cranial nerves were first 
classified. 

0. Terminal, a ganglionated nerve from the vomeronasal organ 
(of Jacobson) entering the olfactory lobe with functions unknown, 
probably sensory. Its fibers are not myelinated. 

I. Olfactory, a non-ganglionated special sensory nerve from the 
olfactory epithelium of the nose to the olfactory lobe. The cell 
bodies of this nerve originate in the nasal epithelium, and their 
fibers are not myelinated. 

II. Optic (ophthalmic), a special sensory nerve from the retina 
of the eye to the floor of the diencephalon, where the fibers from the 
two eyes cross (optic chiasma). Each set of fibers then enters the 
brain and runs to the optic lobe on the opposite side of the brain 
to that on which the eye is located. The layer of cell bodies in the 
retina which gives rise to fibers of the optic nerve is known as the 
ganglion layer of the retina. The nerve fibers are myelinated. It 
is claimed that in some of the lower vertebrates efferent fibers are 
found in the optic nerve. 

III. Oculomotor (motor oculi), a general somatic motor nerve (with 
some afferent fibers). Originating in the floor of the mesencephalon, 
it supplies all the muscles of the eyeball except the superior oblique 
and the lateral rectus. 

IV. Trochlear (pathetic), like the third, a general somatic motor 
nerve (with some afferent fibers). It originates from the roof of 
the mesencephalon and supplies the superior oblique muscle of the 
eyeball. 

V. Trigeminal, a mixed nerve. Its efferent neurons leave the 
side of the metencephalon at a level higher than the ventral roots 
of the spinal nerves. They are, therefore, to be described as special 
visceral efferent neurons, and they supply muscles originating in con- 
nection with the first visceral arch, later to become the jaw muscles. 

The afferent neurons originate in the semilunar (Gasserian) 
ganglion and for the most part are general somatic in nature, 
although some special visceral afferent neurons have been described. 
In some lower vertebrates contributions from epibranchial placodes 
(Chapter 16) to the semilunar have been claimed. 

VI. Abducens. This is a general somatic motor nerve, like III 
and IV (with some afferent fibers). It originates from the ventral 
side of the metencephalon and supplies the external rectus muscle of the 
eyeball. 
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VII. Facial, a mixed nerve. Its efferent neurons are of the spe- 
cial visceral type and supply the muscles originating in connection 
with the second visceral arch, many of which become the facial 
muscles. 

The afferent neurons originate in the geniculate ganglion, which 
earlier forms a single ganglionic mass with the acoustic ganglion 
(VIII). This common primordium is designated the acousticofacial 
ganglion, and it is claimed that it receives contributions from the 
otic placode (page 241). This nerve has visceral sensory fibers 
connecting to the taste buds. 

VIII. Acoustic (auditory). This is a special somatic sensory nerve, 
originating from the acoustic ganglion. The common origin of this 
with the geniculate ganglion and the contribution from the otic 
placodé have been mentioned above. In the higher vertebrates the 
acoustic nerve is divided into a vestibular and cochlear (spiral) 
‘nerves, each with its own ganglion, which supply the semicircular 
canals and spiral organ (of Corti), as described in the chapter 
following. 

IX. Glossopharyngeal, a mixed nerve. Its efferent neurons, of the 
special visceral motor type, arise from the sides of the myelencephalon 
and supply muscles of the pharynx derived from the third visceral 
arch and, in mammals, the salivary glands. 

The nace neurons arise from two ganglia, the superior and 
petrosal. They are of the visceral sensory type, supplying the 
region of the second and third visceral arches. Epibranchial placodes 
are said to contribute to the ganglia of the ninth nerve. 

X. Vagus (pneumogastric), also a mixed nerve. Its efferent 
fibers, which in the lower vertebrates supply the branchiomeric muscles 
of the fourth, fifth, and sixth visceral arches, supply the pharyngeal 
and laryngeal musculature derived from those arches. They may 
then be described as special visceral motor neurons. Some fibers 
continue to the smooth muscles of the viscera; hence the older name 
“ pneumogastric.” 

The afferent neurons arise from a number of ganglia, of which 
the first or jugular ganglion is the largest. The others are vestigial, 
but their presence lends confirmation to the theory that the vagus 
is composed of a number of originally separate nerves which might 
have supplied the more posterior visceral arches separately. The 
dorsal roots of the tenth cranial nerve pass through a nodose ganglion 
before they are distributed. This nerve supplies the lateral line 
organs of the anamniote vertebrates, and its ganglia may receive 
contributions from epibranchial placodes. 
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XI. Spinal accessory. This nerve is not one of the cranial nerves 
in the anamniotes, and is first included in the head by the reptiles. 
It is closely associated with the vagus. Only motor elements have 
been described, and these supply the head-turning muscles. They 
are said to arise from branchiomeric musculature, in which case the 
neurons are of the special visceral motor type. 

XI. Hypoglossal. This is a motor nerve, whose roots originate 
from the side of the myelencephalon ventral to those of the vagus 
and accessory and are more nearly on the level of the ventral roots 
of the typical spinal nerves. They are then of the general somatic 
motor type. This nerve is included in the head of amniote vertebrates 
only, and supplies the muscles of the tongue. In the anamniotes 
this organ_is supplied by the spinal nerves of the occipital region. 

While there are no afferent neurons in the adult, the embryos of 
some mammals possess for a short time a vestigial ganglion (of 
Froriep). 


Metamerism of the head. One of the burning questions in the 
- phylogenetic period of comparative embryology was that of the 
metamerism of the head. It was generally assumed that the head 
represented the consolidation and specialization of a number of 
metameres. Some writers tried to work this out by calculating the 
original number of complete cranial nerves before dorsal and ventral 
roots separated or were lost. Others attempted to correlate the 
visceral arches with lost somites. Yet others studied the neuromeres, 
constrictions in the developing brain which in some vertebrates have 
rather constant numbers in the different regions of the brain. It 
must be admitted that so far these studies have not resulted in any 
generally accepted theory. 


The sympathetic nerves. The brain, spinal cord, and cranial and 
spinal nerves are grouped by anatomists as the central nervous 
system. Associated with this is the sympathetic (autonomic) 
nervous system, consisting of nerves and ganglia and controlling 
the smooth muscles of the viscera and blood vessels, and some glands. 
This system arises from the neural plate, like the central nervous 
system, but from the lateral margins which become the neural crests. 
At the time when the neural crests are dividing into the cerebrospinal 
ganglia, some of the cells migrate inward toward the dorsal aorta, 
where they aggregate and multiply to form the chain ganglia. The 
chain ganglia on each side become connected by fore and aft extensions, 
which form the sympathetic trunks. They retain a connection with 
the cranial and spinal ganglia by means of the communicating rami, 
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and send out nerves along the principal blood vessels. From the 
chain ganglia, by secondary and tertiary migrations, arise the pre- 
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Fic. 168. Diagram to show migrations of sympathetic ganglia in human develop- 
ment. (After Streeter.) 


vertebral and visceral ganglia. In the head the four sympathetic 
ganglia (ciliary, sphenopalatine, otic, and submaxillary) arise from 
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the semilunar ganglion of the fifth cranial nerve, and later acquire 
connections with the chain ganglia (Fig. 168). 

It has already been noted (page 171) that some of the cells from 
the sympathetic ganglia (chromaffin cells) migrate to the vicinity of 
the mesonephros to form the suprarenal gland. 


THE FROG 


Central nervous system. The origin of the neural tube has already 
been described (page 105). There is no anterior neuropore, and the 
neurenteric canal is represented, if at all, by a pigmented streak 
where the neural folds closed over the blastopore. The divisions 
of the brain are poorly marked at first, but, assuming that the 
mesencephalon occupies the area where the cervical flexure over the 
anterior tip of the notochord is to be seen (Fig. 198), the relative 
positions of prosencephalon and rhombencephalon can be determined. 
In the embryo at the hatching stage (20) certain landmarks are 
apparent. On the roof of the brain (Fig. 204) the limits of the 
mesencephalon are marked by two constrictions with a swelling 
between. On the floor a thickening at a point just anterior to the 
tip of the notochord, and known as the posterior tubercle, marks 
the posterior end of the mesencephalon ventrally. In the prosen- 
cephalon, a definite evagination on the roof marks the primordium 
of the epiphysis. On its floor is a definite depression (optic recess) 
with one swelling behind (optic chiasma) and one in front (lamina 
terminalis), which was the original anterior end of the neural tube. 

In the young tadpole stage (25) the differentiation of the grosser 
features of brain anatomy are well established (Fig. 169). The 
~ cervical flexure has been much reduced (Fig. 210). In the rhomben- 
cephalon there is a relatively small cerebellum, a well-developed 
choroid plexus, but the pons is scarcely developed, if at all. Corpora 
bigemina are apparent on the roof of the mesencephalon. The 
diencephalon has its choroid plexus on the dorsal side and a prominent 
epiphysis the cavity of which no longer connects with the diacoel. 
On the floor the trough-like infundibulum is partly constricted away 
from the diencephalon, and now is firmly attached to the hypophyseal 
portion. The optic chiasma is relatively larger than before, and 
the optic recess is clearly marked. The lamina terminalis extends 
upward and forward, beginning to form a partition which will 
separate the cerebral hemispheres internally as a longitudinal groove 
separates them externally at this time. The cerebral hemispheres 
never become very large in the frog, nor is the neopallium formed. 
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It should be noted that definite neuromeres do not appear in the 
developing brain. 


Nasal tube ---+ 
Cerebral 
hemisphere 
Epiphysis 


Diencephalon — 


Fig. 169. Brain and sense organs of 1l-mm. Rana pipiens embryo. From a wax 
plate reconstruction prepared by E. Phipps and E. Van Drasek. Dorsal view, X50. 
(Nore: Cranial nerve X, closely associated with IX, does not appear from this view.) 


Peripheral nervous system. There are about forty pairs of spinal 
nerves formed in the tadpole, but only ten are retained after 
metamorphosis and the loss of the tail. Cranial nerves, ten pairs 
only, make their appearance. The ganglionated nerves are the first 
to be distinguished. Four ganglionic masses can be seen in the 
embryo at stage 20. The first of these gives rise to the semilunar 
ganglion of the fifth nerve and seems to receive a contribution from 
a placode which develops just external to it. The second becomes 
the acousticofacialis (VII and VIII), which receives a contribution 
from the auditory placode. The third forms the ganglion of the 
ninth nerves, and the fourth gives rise to that of the tenth. The 
two were at an earlier stage associated in a common mass (postotic), 
and each receives a contribution from an epibranchial placode. 

The optic nerves are well developed at stage 20, but the olfactory 
nerves do not make an appearance until stage 25. The nerves -of 
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the eyeball muscles, III, IV, and VI, can be distinguished at stage 
25, as the eye is a functioning organ at this time. 

The ganglion cells which will form the sympathetic ganglia have 
reached their final positions at stage 25. 


THE CHICK 


Central nervous system. The neural folds are just meeting at 
the 24-hour stage (page 107). Between this time and: the thirty- 
third hour, eleven neuromeres appear, of which three are absorbed 
by the prosencephalon, two by the mesencephalon, and six by the 
rhombencephalon. At 33 hours the most prominent part of the 
brain is the prosencephalon (Fig. 221), marked by the large optic 


Myelencephalon 
Metencephalon 


Otic vesicle 


Mesencephalon 


Diencephalon 


Epiphysis 
Telencephalon 


Fra. 170. Brain of the 72-hour chick embryo. Compare Fig. 233. 


vesicles. On the floor a. small infundibular evagination can be 
distinguished. By 48 hours (Fig. 227) there is a very well-developed 
cranial flexure and a small posterior tubercle extending inward at 
the tip of the curved notochord. The optic recess is a small one, 
and the epiphysis is a shallow evagination. At 72 hours (Figs. 170, 
233) the division of the prosencephalon into telencephalon and 
diencephalon can be distinguished by a constriction in the roof 
between them. On the ventral side the boundary is marked by the 
anterior end of the optic recess. Another transverse constriction in 
the roof separates the diencephalon from the mesencephalon. The 
metencephalon at this time is distinguished from the myelencephalon 
only through the greater thickness in the roof of the former. In 
later days of incubation the cerebral hemispheres, corpora bigemina, 
' cerebellum, and pons are developed. Two additional flexures occur, 
the cervical at the junction of myelencephalon and spinal cord, and 
the pontine in the floor of the myelencephalon at the level of the pons. 


{ 


234 NERVOUS SYSTEM 


Peripheral nervous system. Thirty-eight pairs of spinal nerves 
are formed by the eighth day, according to Lillie. The ganglionated 
cranial nerves arise from three large ganglionic masses. The first 
is the primordium of the semilunar, the second is the acousticofacial, 
the third the postotic. At the 48-hour stage the postotic segment: has 
given rise to the ganglia of the glossopharyngeal and vagus nerves. 
By 72 hours all the cranial nerves may be recognized except the 
trochlear and abducens, which do not appear until the sixth day, 
and the spinal accessory and hypogastric, which can be recognized 
on the fourth. 


Sympathetic nervous system. The primordia of the sympathetic 
ganglia are in evidence during the fourth day of incubation. 


MAN 


Central nervous system. The human brain passes through the 
three- and five-vesicle stages, and by the time the embryo is 8 mm. 
in length the brain is in about the same stage as that of the 10-mm. 
pig (Figs. 241, 242). At this time the primordia of the cerebral 
vesicles are apparent. The telencephalon is separated from the 
diencephalon by two points of reference, the optic recess in the 
floor, and the velum transversum in the roof. From the diencephalon 
spring the optic stalks, leading to the optic cups, and the infundibulum, 
now in contact with the hypophysis as mentioned above. The posterior 
boundary of the diencephalon is indicated by the posterior tubercle 
arising from the brain floor. The epiphysis seldom appears at this 
stage. The mesencephalon is demarcated at its posterior end by 
the deep constriction of the isthmus. The metencephalon is dis- 
tinguished from the myelencephalon by its thicker roof. The pons 
is not yet distinguishable. Cervical and cranial flexures have de- 
veloped, but the pontine is still to be formed. In later stages the 
development of the human brain is marked by the great increase. in 
size and complexity of the cerebral hemispheres of the telencephalon. 
The optic lobes are quadripartite (corpora quadrigemina), of which 
the two anterior lobes are especially associated with vision, the two 
posterior ones with hearing. . 


Peripheral nervous system. The spinal and cranial nerves 
(Fig. 171) are formed as in other vertebrates. In the 10-mm pig, 
corresponding roughly to an 8-mm. human embryo, all the cranial 
nerves, with the occasional exception of the first, can be demonstrated. 
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Froriep’s ganglion (XII) is distinguished only with difficulty from 
the accessory ganglia of XI. 


Fig. 171. Diagram to show origin of cranial nerves in man. (After His.) 


Sympathetic nervous system. The ramus communicans of each 
spinal nerve (Fig. 244) leads to a sympathetic ganglion which can 
be seen by the time the stage is comparable to the development of 
a 10-mm. pig. 


CHAPTER 16 
SENSE ORGANS 


The nervous system receives stimuli not only from outside the 
body but also from within, such as those concerning the tension of 
the muscles. For the reception of stimuli, special organs — the 
sense organs — are developed. Of these the most conspicuous are 
the eyes, the ears, and the nose. In addition, it must be remembered 
that the entire skin functions as a sense organ by means of special 
receptors, that stimuli are received from the viscera and other 
internal structures by means of free nerve terminations, and that 
the mouth contains taste buds, especially on the tongue. The free 
nerve endings are ectodermal as are the receptor corpuscles (of 
various types) of the skin. On the other hand the taste buds 
seem to be derived from endoderm, at least in amphibia. The 
actual receptors (sensory cells) of the eye, ear, and nose are of 
ectodermal origin, but the organs of which they form a part con- 
tain also elements from mesoderm, and, in the ‘case of the ear, en- 
doderm. : 

The eye, ear, and nose are alike in that they arise from localized 
thickenings known as placodes or sense plates, already mentioned in 
the preceding chapters. It is now generally recognized that these 
and other (epibranchial) placodes contribute to the building of many 
cranial ganglia. These placodes invaginate to form pits and in 
some, lens of the eye and inner ear, detach themselves completely 
from the surrounding ectoderm to become vesicles. The optic placode, 
which is the primordium of the retina, is incorporated, as we have 
seen in the preceding chapter, into the neural plate at the level 
of the prosencephalon. It is, therefore, carried into. the neural tube 
and later evaginates from the prosencephalon with which the eye is 
permanently connected. 


The nose. The nose arises as a pair of local thickenings of the 
ectoderm at the anterior énd of the head (Fig. 172). These thicken- 
ings are hereafter known as the nasal (olfactory) placodes. Later 
they invaginate to form the nasal (olfactory) pits, which persist as 
the nose of all fish except the air-breathing dipnoi. Here also should 
be noted the fact that the cyclostomes are peculiar in the possession 
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of a single median nasal pit. Among the higher vertebrates, the 
nasal pits acquire, by means differing in the various classes, openings 
into the mouth or pharynx (Fig. 173). The olfactory epithelium 
contains cells which greatly resemble ganglionic neuroblasts. These 
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Fie. 172. Diagrams to show origin of nose. A, nasal placode. B, nasal pit. C, 

vomero-nasal organ. D, connection between nasal pit and mouth. £, sagittal 

section to show origin of primitive choanae. /F, sagittal section to show origin of 
internal nares. ‘ 
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Fia. 173. Hemisection through human nose. (After Howden.) 


become bipolar neurons which send their axons back into the 
rhinencephalon of the fore-brain to become the first cranial nerve. 
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From each nasal pit on the median side an evagination gives rise 
to the vomeronasal organ (of Jacobson). This is thought to have 
some special olfactory function, particularly in aquatic vertebrates. 
It sends nerve fibers to join the olfactory nerve and is also connected 
with the terminal nerve. 


The eye. The area from which the retina of the eye will develop 
can be recognized in amphibia as a pigmented region with long 
columnar cells while the neural folds are still widely open, and has 
in fact been located in the blastula stage by means of vital dyes. 
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Fig. 174. Diagrams to show origin of eye. A, optic field of neural plate. B, optic 
vesicle early. C, optic vesicle, late. D, optic cup. H, sensory and pigment layers 
of retina. fF, details of retina. 


After the closure of the neural folds this field is located on the ventral 
side and at the ventrolateral angles of the fore-brain (Fig. 174). 
As the retina evaginates from the fore-brain, a pair of optic vesicles 
are formed. In each of these vesicles a constriction in the proximal 
portion results in the formation of the optic stalks. 

At the point where the optic vesicle approaches the ectoderm, 
two reactions take place: (1) a local thickening of the’ ectoderm, 
called the lens placode, from which the lens of the eye develops; 
and (2) an invagination of the optic vesicle whereby this vesicle is 
transformed into a two-layered optic cup. This invagination con- 
tinues into the optic stalk to produce a groove called the choroid 
fissure. 
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The lens. The lens placode invaginates to form the lens pit, which 
then withdraws still further from the surface and becomes closed 
in by the union of its external lip to form the lens vesicle. The lens 
vesicle becomes solid by the elongation of the cells on the internal side 
which later assume a clear transparent appearance. 


The optic cup. The inner layer of the cup becomes the sensory 
portion of the retina, the outer layer the pigmented portion (tapetum). 
The sensory layer of the retina soon becomes stratified. The layer 
of cells farthest from the cavity of the optic cup, corresponding to 
the ependyma and mantle layer of the neural tube, later gives rise 
to an outer layer of cells which form the rods and cones and an 
inner layer of bipolar cells (Fig. 1747). These, in turn, communicate 
with large ganglion cells, making up the ganglion layer. The axdns 
from the ganglion-layer cells grow out into the fibrous layer lining 
the cavity of the cup and corresponding to the marginal layer of 
the neural tube. On reaching the fibrous layer, the axons converge 
towards the optic stalk and turn inward at that point to grow down 
the wall of the stalk and become the optic nerve. In the pigmented 
layer of the retina, melanin is secreted. Meantime the cavity of 
the optic cup becomes filled with a clear fluid secreted by the 
surrounding cells, which later becomes viscous and forms the vitreous 
body (humor). 


The envelopes of the eyeball. Around the optic cup and stalk, 
a layer of mesenchyme accumulates. This layer later differentiates 
into an inner delicate layer called the choroid, which contains pigment 
and capillaries and may be compared with the pia mater of the brain, 
and an outer dense layer known as the sclera, which may be compared 
with the dura mater of the brain. The external portion of the sclera 
over the lens makes contact with the epidermis and becomes trans- 
parent to form the cornea (Fig. 175). The epidermis over the eye 
forms the conjunctiva. In some vertebrates, sclerotic cartilage, or 
even bone, is formed, the vestige of an optic capsule. The edge of 
the choroid, together with the marginal retina, gives rise to the 
iris, a circular curtain surrounding the opening of the cup which is 
called the pupil of the eye. The muscles of the iris are apparently 
of ectodermal origin. The iris divides the space between the lens 
and the cornea into two chambers, an anterior and a posterior 
chamber, which are filled with a fluid, the aqueous humor. The 
muscles of the eye arise comparatively late. It will be recalled that 
in the elasmobranch these muscles arise from three short-lived 
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preotic somites. In all other vertebrates they are formed from 
condensations of the head mesenchyme. 
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Fie. 175. Horizontal section of human eye. (After Howden.) 


The ear. The vertebrate ear consists of the vestibule or equi- 
libratory organ and the cochlea or organ of hearing. Three parts 
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Fic. 176. Diagrams to show origin of ear. A, relation between neural plate and 
otic field. B, otic placode. C1, otic pit. C?, otic vesicle (otocyst). D1, division ~ 
of inner ear. D2, relation between inner and middle ear. 


of the ear are distinguished (Fig. 176). The inner ear, common to 
all vertebrates, giving rise to the vestibule and the cochlea, arises 
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from an ectodermal otic (auditory) placode. The middle ear appears 
for the first time in the amphibians, and is derived from the endo- 
dermal first visceral pouch. The outer ear, found only in the 
amniotes, is an ectodermal derivative of the first visceral groove. 
In mammals an outgrowth from the mandibular and hyoid arches, 
is known as the pinna. 


The inner ear. This originates from the otic placode, which in- 
vaginates to form an otic (auditory) pit (Fig. 176) and later closes 
over to withdraw from the epidermis as the otic (auditory) vesicle 
or otocyst. In some vertebrates (elasmobranchs) the vesicle retains 
its connection with the exterior by means of a hollow stalk, the 
endolymphatic duct. Usually this connection is lost and _ the 
endolymph duct of the adult is a new formation. The vesicle divides 
into a ventral saccule and a dorsal vestibule or utricle. The saccule 
gives rise to the endolymph duct and the lagena, which in mammals 
becomes the coiled cochlea or organ of hearing, while the utricle gives 
rise by constriction to three semicircular canals, each with a dilation 
at one end, the ampulla. The sensory epithelium is restricted to the 
lagena and ampullae. The cavity of these structures is known as 
the membranous labyrinth, and contains a fluid, the endolymph. 
Concretions, the otoliths, may appear in the endolymph of the 
vestibular portion. Around this labyrinth the otic capsule, or skeletal 
labyrinth, is formed. This later ossifies to give rise to the otic 
bones of the skull. The skeletal labyrinth contains a fluid known as 
the perilymph. In those vertebrates which possess a middle ear, 
two openings are formed in the skeletal labyrinth, the fenestra 
rotunda, closed by a membrane, and the fenestra ovale, into which 
the stapes projects. The acoustic nerve, which is ganglionated, 
divides into a vestibular and a cochlear nerve, each with its separate 
ganglion. 


The middle ear. The middle gar arises from the first visceral 
pouch, which constricts into a proximal auditory (Eustachian) tube 
and a distal tympanic cavity. It is separated from the exterior by 
the tympanic membrane, a persistent closing plate formed from 
ectoderm and endoderm. Through the tympanic cavity there is a 
chain of bones (auditory ossicles) connecting the tympanum with 
the fenestra ovalis. In anurans and sauropsids, this chain of auditory 
ossicles consists of the columella, a rod originating in part from the 
roof of the tympanic cavity and in part from the wall of the otic 
capsule (stapedial plate). This bone has been compared to the 
hyomandibular cartilage of the elasmobranch and to the stapes of: 
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the mammal. In mammals three auditory ossicles are found. The 
stapes originates from the second visceral arch, the malleus and 
incus from the first. These have been compared to the articular 
and quadrate bones of reptiles respectively. The muscles of the 
middle ear, tensor tympani and stapedial muscles, arise from the 
mesoderm of the mandibular and hyoid arches, respectively, and 
are innervated by the trigeminal and facial nerves. 


The outer ear. The external ear consists of the external auditory 
meatus, derived from the first visceral groove. In crocodiles and 
some birds (owl) a flap of skin partially protects the external auditory 
meatus. Only mammals develop a pinna, which arises from tubercles 
on the mandibular and hyoid arches. It is composed of mesoderm 
and ectoderm, contains muscles, and is strengthened by cartilage. 
The innervation is from the facial nerve. 


The lateral-line system. This is a diffuse sensory organ consisting 
of sense buds arranged in rows over the head and body of aquatic 
anamniotes. Its function apparently is to detect slow vibrations 
in the water. The origin of the lateral-line system is a lateral 
thickening of the sensory ectoderm which later breaks up into 
separate epibranchial placodes. These are found in the embryos 
of the amniotes but soon degenerate. The lateral-line system is of 
particular interest inasmuch as the lateral thickening referred to is 
in some cases continuous with the otic placode which gives rise to 
the ear. The principal nerve supplying the lateral-line system is 
the facial, although trigeminal, glossopharyngeal, and vagus often 
contain lateral-line components. 


THE FROG 


The nose. The nasal placodes appear in the frog embryo at stage 
16 as two thickenings in the sense plate. They begin invaginating 
in the following stage (17) and by hatching time (stage 20) have 
formed two circular pits (Fig. 208). In stage 21, these pits grow 
back towards the mouth into which they open at stage 23. At stage 
25 the vomeronasal organ forms an evagination on the mesial. side . 
of each nasal tube (Fig. 214). 


The eye. The retinal (optic) field (Fig. 177) may be distinguished 
in the neural plate in stage 14, and by stage 16 optic vesicles 
(Fig. 199) are well developed. The lens placode can be seen in 
stage 18, is invaginating in stage 19, and has become a vesicle 
(Fig. 205) in stage 20. During these stages the invagination of 
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the optic cup is accomplished. In stage 20 the cornea of the eye 
is transparent and, after this, the inner cells of the lens fill the 
cavity of this structure. The division of the retina into a cellular 
and fibrous layer is apparent in stage 22, and by stage 25 all the 


layers of the retina, including the rods and cones, are finally established 
(Fig. 211). 
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Fig. 177. Sections of frog embryos to show origin of eye. A, stage 14. B, stage 
16. C', stage 17. C%, stage 18. D', stage 19. D?, stage 20. 1, stage 23. #H?, 
stage 25. X28. 


The ear. The auditory placode (Fig. 178) may be distinguished 
as a thickening in stage 15 and commences to invaginate in the stage 
following.. A vesicle, still adhering to the overlying ectoderm 
(Fig. 200) is formed in stage 17. In stage 22 an endolymphatic duct 
is formed by a dorsomesial invagination from each vesicle, and an 
oblique partition indicates the beginning of the separation of utricle 
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from saccule. The lateral horizontal semicircular canal (Fig. 212) is 
being constricted from the utricle in stage 24 and, in the stage 
following, the dorsal anteroposterior canal appears. The tubotym- 
panic cavity arises from the first visceral pouch, which in the frog 


A 


Fig. 178. Three stages in the development of the inner ear of the frog embryo. 
A, stage 15. B, stage 16. C, stage 17. X20. 


is vestigial and has no cavity. From this rudiment a strand of cells 
erows dorsad and later acquires a lumen. It loses its connection with 
the pharynx and moves backward to the ear region where it acquires 
a secondary connection with the pharynx (Fig. 179). The tympanic 
membrane is apparently entirely ectodermal. The columella, which 
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Fic. 179. Rana pipiens, diagram to show the parts of the ear. Schematic cross- 
section through head. 


~ connects the tympanum with the inner ear, arises from two primordia: 
the inner stapedial plate, which is a part of the otic capsule; and a 
cartilage derived from the palatoquadrate bar. 


Lateral-line organs. The lateral-line organs arise from the frag- 
mentation of the placode which contributes to the tenth eranial nerve. 
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Similar epibranchial placodes appear on the head and are innervated 
by the seventh, ninth, and tenth nerves. They are larval sense 
organs and disappear at metamorphosis. 


THE CHICK 


The nose. The nasal placodes are first seen in the chick after 60 
hours of incubation, and in the 72-hour chick they have invaginated 
to form pits (Fig. 237). During the fifth day the pits are divided 
into anterodorsal and posteroventral portions, the first remaining 
at the surface as the external nares while the second are carried 
into the roof of the mouth to become the posterior nares (primitive 
choanae). In the second week of development, the’ growth of the 
palate carries the posterior nares back to enter the pharynx as the 
secondary choanae. A vestigial vomeronasal organ appears but does 
not persist until hatching. 


The eye. The optic vesicles (Figs. 221, 223) are prominent in the 
33-hour chick and have invaginated to form cups (Figs. 227, 229) at 
48 hours. The lens has become a vesicle at this stage but is still 
open to the exterior. At 72 hours the cells of the inner wall are 
elongating (Fig. 236). 


The ear. In the chick of 33 hours, the auditory placodes (Fig. 224) 
are visible and at 48 hours they have invaginated to form pits 
(Fig. 229). By 72 hours they are constricted almost wholly from 
the overlying ectoderm (Figs. 233, 235) as the auditory vesicles 
(otocysts). There is still a narrow canal connecting them to the 
exterior. This is the primordium of the endolymphatic duct, which 
in later stages will shift its position to the median surface of the 
vesicle. The semicircular canals arise as outpocketings of the 
otocyst prior to its separation into utricle and saccule. The cochlea 
is more highly developed than in the frog. The tubotympanic cavity 
arises from the first visceral pouch. The tympanum is formed 
from ectoderm and endoderm and includes a middle layer of 
mesenchyme. The columella arises from a stapedial plate and 
hyomandibular cartilage. The external auditory meatus is short, 
and no pinna is developed. 


MAN 


The nose. The human nose arises as a pair of nasal placodes which 
become pits (Figs. 245). These obtain an opening into the mouth 
by the rupture of the thin epithelium separating them from it. The 
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openings into the mouth (primitive choanae) are carried backward 
by the formation of the palate until they open into the pharynx 
as the permanent choanae-or posterior nares. Thus the nasal passages 
represent the cavities of the nasal pits plus part of the original 
cavity of the mouth. A poorly developed vomeronasal organ appears 
in each nasal pit but usually disappears before birth. 


The eyes. An‘optic field has been recognized in the region of the 
fore-brain before the neural tube has closed, and the evagination 
of the optic vesicles is also precocious. In the stage comparable to 
the 10-mm. pig embryo the optic cup (Fig. 244) and choroid fissure 
have formed, the cellular and fibrous layers of the retina can be 
distinguished, and the lens is a hollow vesicle. 
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Fic. 180. Diagram of the parts of the human ear in a fetus of three months. 
(After Arey.) 


The ear. The inner ear arises early as an auditory placode which 
invaginates to form first a pit and then a vesicle (Fig. 243). The 
vesicle loses its connection to the exterior, but the endolymphatic 
duct arises from the vesicle in the region where the connection formerly 
existed. Towards the end of the second month the cochlea commences 
the coiling, which is so characteristic of the mammalian ear (Fig. 180). 
The middle ear arises from the first visceral pouch (with a possible 
contribution from the second). The external auditory meatus origi- 
nates from the first visceral groove and the pinna from elevations on 
the first and second visceral arches. 


CHAPTER 17 
EXPERIMENTAL EMBRYOLOGY 


Recent progress in vertebrate embryology has resulted so largely 
from the application of the experimental method that even the 
beginning student must acquaint himself with some of the methods 
used and the results so far obtained. Within the limits of this 
book only a few of the important fields in which the experimental 
method has been employed can be mentioned, and the student must 
be referred to more extended treatises for further information con- 
cerning this relatively new and important branch of embryology. 

The amphioxus and the frog have long been used by experimental 
embryologists, and more recently successful methods have been 
devised for the experimental study of the developing egg of the hen. 
Triton, in Germany, and Ambystoma, in this country, are urodele 
amphibia whose eggs have been particularly favorable for experi- 
mental embryology. The eggs of mammals, difficult to obtain, and, 
so far, impossible to orient during the early stages of embryology, 
have been employed to a lesser extent. 

The experimental embryologist alters the conditions under which 
the egg develops in the hope of determining the factors involved in 
particular developmental processes. It is appropriate to conclude 
the study of embryology with a short account of some of the experi- 
ments which bear directly on the organization of the fertilized egg, 
on differentiation during cleavage, the formation of the germ layers 
and neurulation, and on the direct effects of environmental factors 
upon development. 


THE ORGANIZATION OF THE FERTILIZED EGG 


The fertilized egg, as we have seen, is the product resulting from 
the union of two germ cells, the egg and the sperm. It contains two 
pronuclei, of maternal and paternal origin, respectively, as well as a 
mass of cytoplasm which is almost exclusively maternal in origin. 
The nuclei contain the parental contributions of genes, the units 
which together determine the hereditary characters of the developing 
individual. How the genes produce their effects is not known, but 
it is certain that they must act directly upon the cytoplasm. Ac- 
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cordingly we may turn first to experiments dealing with the nuclei 
of the fertilized egg, and, second, to those concerned with the organiza- 
tion of the cytosome itself. 


Nuclear organization. The fact that the fertilized egg has the 
diploid number of chromosomes and of genes, while the two gametes 
have the haploid number, naturally leads to the question whether 
the diploid number is necessary to continued development. A con- 
siderable number of experiments bear directly upon this question. 


Artificial parthenogenesis. The frog’s egg can be induced. to 
develop by puncture with a finely pointed glass needle (Loeb and 
others). These artificially parthenogenetic eggs have given rise 
to tadpoles and frogs. One would expect that such embryos would 
possess the haploid number of chromosomes. Actually haploid, dip- 
loid, and even triploid embryos are produced. Apparently the first 
cleavage division is delayed while the chromosome number is doubled 
by a nuclear division. It is suggested that triploid embryos result 
from the extrusion of but one of the four nuclei formed in meiosis 
while the remaining three unite into one. The fact that males, 
females, and hermaphroditic individuals are formed suggests that 
the diploid individuals are genetic females, some of which undergo 
sex reversal. 

Artificial parthenogenesis has also been accomplished in the lamprey 
and in the rabbit egg. Pincus reports the birth of a normal living 
female rabbit from an egg activated by low temperature. 


Gynogenesis.. Sperms of the amphibian Triton, treated to an ap- 
propriate dosage of radium emanations, have their nuclei injured in 
such a way that they are unable to form normal pronuclei (Hertwig). 
But they retain their mobility and are able to penetrate the egg and 
induce development. The sperm head remains in the cytoplasm and 
passes to one or another of the developing blastomeres, but takes no 
part in mitosis and ultimately degenerates. The number of chromo- 
somes in the larval cells is usually haploid, although redoubling may 
occur. The development of a new individual from a nucleus exclu- 
sively maternal is known as gynogenesis. 


Androgenesis. On the other hand, haploid individuals may be pro- 
duced with a paternal nucleus only, androgenesis. Eggs of Triton 
have also been irradiated to kill the egg nucleus and then fertilized 
with normal sperms. These eggs develop with the haploid number of 
chromosomes, showing that either maternal or paternal pronucleus 
is adequate for development. 


— 
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Merogony. This term is applied to the development of individuals 
from enucleate fragments of eggs which have been fertilized by normal 
sperms. A similar result can be obtained in telolecithal vertebrate 


Egg nucleus 


Sperm nuclei 


Fic. 181. The experimental production of haploid larvae in Triton. A, fertilized 

egg with two sperm nuclei. B, same after constriction separating part of egg with 

diploid nucleus (right) from part with haploid nucleus formed by supernumerary 

sperm (left). C, showing relatively more advanced diploid embryo (right) and 

less advanced haploid embryo (left). D, diploid larva. £&, haploid larva. ‘(After 
Spemann.) 


eggs, such as those of Triton, where several sperms normally enter 
the egg. After the entrance of the sperm, it is possible to constrict 
the egg into halves, by means of a fine hair loop, in such a way that 
the- female pronucleus lies in one half (Fig. 181). This half will 
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eventually have the diploid number of chromosomes, for a sperm 
pronucleus will conjugate with the egg pronucleus. The other half 
will have only the haploid number. Both halves will develop into 
larvae, one of which will have haploid and the other diploid nuclei. 


Species hybrids. Many experiments have been made in the at- 
tempt to fertilize the egg of one species with a sperm from another 
species. Often as in the teleost fish (Moenkhaus), both pronuclei 
take part in the subsequent cleavage, although frequently the chromo- 
somes from the two pronuclei (Fig. 182) form separate groups on the 
mitotic spindle (gonomery). But in other cases 
Ha oe Hertwig has shown that the male pronucleus takes 
eli | ie ‘ no part in subsequent cleavages, so that the embryo 


00ers 


‘ really develops parthenogenetically (gynogenesis). 
i Natural interspecific hybrids in both plant and 
| i animal kingdom are more common than formerly 

believed. Usually these interspecific hybrids are 


infertile, such as the mule and many types of hybrid 
| i bony fish, but they often grow to larger size and are 
| Ay more active (hybrid vigor) than the parents. 


, ye The equivalence of the pronuclei. The experi- 
oe ments mentioned above indicate that a single set of 
Fig. 182. Chromo- _ genes, paternal or maternal, is adequate for the 
5) geese development of an egg. It must be recognized, 
aT ee however, that the experimental haploid animals are 
dia egg and Fundu- frequently less vigorous than normal diploid forms. 


lus sperm, illus- = Iperhts 
ey ac rnery, Organization of the cytoplasm. It has been 


(AfterMoenkhaus.) mentioned in Chapter 3 that the fertilized egg of 

many animals had markings such as the yellow 
crescent of the ascidian and the gray crescent of the amphibian. 
These particular areas lie on the surface or crust of the egg (cortex, 
ectoplasm). When studied by the methods of descriptive embry- 
ology, including the use of vital stains, the prospective fate of these 
areas was established. Similarly, in the egg of the echinoderm, the 
use of the dark-field microscope has shown that the area surrounding 
the vegetal pole appeared in a different color from that of the animal 
pole. Experiments showed that these areas gave rise to endoderm 
and ectoderm respectively. Ectodermalization or endodermalization 
could be augmented by removing parts of the egg from the appro- 
priate regions or by the use of chemicals which produced the same 
effects. Although the factors located in these areas are as yet un- 
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known, the word “field” is applied to the organization comprising 
these organizing factors. The area possessing such a field is referred 
to as a “ field district.” 


Polarity. The primary expression of the egg’s organization is the 
polarity already impressed upon it in the ovary (page 30). That 
this polarity is itself not due to gravity is shown by the fact that 
frog eggs which are kept in motion during early development give 
rise to normal embryos (Morgan, Kathariner). But polarity is not 
immutable, for many experiments in which the eggs of frogs have 
been made to develop in an inverted position (Born, Pfliiger, Morgan) 
show that the yolk streams down through the egg, and cleavage begins 
in the relatively yolk-free region which was formerly the vegetal 
pole. There seems to be good reason to suppose that the polar axis 
represents a metabolic axial gradient (Child), for when dilute solu- 
tions of lethal chemicals, e.g., potassium cyanide, are applied to the 
-frog’s egg (Bellamy), disintegration begins at the animal pole and 
continues toward the vegetal pole, which is the last part of the egg 
to be affected. 


Bilaterality. The animal pole marks the anterior end of the de- 
veloping amphibian embryo. Its dorsal side is marked by the gray 
crescent. The gray crescent often, but not always, appears on the 
side of the egg opposite the point where the sperm entered. In uro- 
deles, in fact, the gray crescent makes its appearance prior to the 
entrance of the sperm. And in parthenogenetic eggs (when develop- 
ment is initiated by puncture) the point of entrance of the needle 
seems to have no constant relation to the subsequent bilaterality of 
the egg. This would indicate (Huxley and de Beer) that the egg 
has an underlying bilaterality of its own. 


Asymmetry. The vertebrate embryo is not, strictly speaking, bi- 
laterally symmetrical. A third axis or gradient from one side to the 
other (usually left to right) is often apparent, as seen in the develop- 
ment of the opercular opening on the left side of the tadpole, the fact 
that the chick heart develops on the right side, and that the head 
turns to the right in torsion. The stomach in all vertebrates is 
twisted to the left of the midline, and many other examples might 
be mentioned. When this asymmetry is reversed we have the phe- 
nomenon known as situs inversus, and this condition can be repro- 
duced experimentally. For example, it has been shown by Spemann 
that, when two blastomeres which would ordinarily produce the 
right and left sides of an embryo are separated by a hair loop, the 


‘ 


252 EXPERIMENTAL EMBRYOLOGY 


left-hand blastomere gives rise to a normally asymmetrical embryo, 
while the right-hand blastomere gives rise either to an embryo with 
normal asymmetry or to One with situs inversus. 

These few examples of experiments on the fertilized egg edicate 
that the egg is a complex system with a definite organization indicated 
by its three axial gradients corresponding to its three spatial dimen- 
sions, viz., an anteroposterior gradient (polarity), a dorsoventral 
gradient, and frequently a left-right gradient. 


ORGANIZATION OF THE EMBRYO DURING CLEAVAGE 


Cell-lineage studies seemed to indicate that the dividing egg is 
becoming a mosaic of blastomeres, each set apart from the others to 
form a specific portion of the embryo. Roux (1888) was the first 
to realize that this might be tested experimentally. He destroyed 
one of the 4-blastomeres of the frog’s egg and observed that the other 
gave rise to a $-embryo, which later regenerated the missing portion. _ 

Later investigators devised a number of methods by which blasto- 
meres could be separated from each other, by shaking them, cutting 
them apart with fine needles, constricting them with fine threads, or 
placing them in artificial calcium-free sea water. Blastomeres of 
marine eggs in this medium separate immediately, and when re- 
turned to normal sea water continue their development without.further 
separation (Herbst). 


Regulation and mosaic eggs. The results of their experimentation 
seemed to indicate that in some eggs, e.g., those of the amphioxus 
(Fig. 183), either of the 3-blastomeres might, when separated, give 
rise to. complete embryos (Wilson). These were called regulation 
eggs and were said to have indeterminate cleavage. In others, such 
as Styela (Conklin) or the molluse Dentaliwm (Wilson), the 4-blasto- 
meres give rise only to 4-embryos (Fig. 183). These were called 
mosaic eggs and were said to have determinate cleavage. 

Experiments on frog’s eggs had been inconclusive until an improved 
technique made it possible to separate blastomeres of the two-cell 
stage completely (Schmidt, 1930, 1933). These experiments show 
that each of the 3-blastomeres can give rise to a complete and perfect 
larva, provided only it contains some of the gray crescent region. 
If, on the other hand, the egg is so constricted that the first cleavage 
divides it into an animal and a vegetal half, the animal half, con- 
taining the gray crescent, gives rise to a complete embryo, while the 
vegetal half, lacking this region, is unable so to organize itself (Fig. 
184). This seems to indicate that Roux’s results were due to the 
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presence of the injured blastomere inhibiting complete development 
on the part of the uninjured blastomere.. In this connection it is 
interesting to note that Witschi (1927) has described a case in which 
two eggs were found in a single chorion. Each of them was flattened 
on the side next to its neighbor and in later development showed de- 
ficiencies in the ee region. 


Fic. 183. Diagram to show the fate of isolated blastomeres from mosaic and regu- 
lation eggs. A, mosaic egg of Dentalium. At left, a complete embryo produced by 
entire egg: at right, partial embryos produced by the 3-blastomeres when artificially 
separated. B, regulation egg of Amphioxus. At left, embryo produced by entire 
egg; at right, perfect dwarf embryos produced by 3-blastomeres. (After Wilson.) 


A beautiful demonstration that it is the cytoplasm and not the 
nucleus which is concerned with differentiation during cleavage is 
afforded by an instructive experiment of Spemann. If the egg is tied 
off before cleavage so that the nucleus is confined in one of its halves 
(Fig. 185), all cleavage planes will be restricted to that half until 
eventually a cleavage plane, in this case at the fourth cleavage, coin- 
cides with the plane of constriction. The nucleus which enters the 
previously enucleate half is naturally one which would serve a 
jg-blastomere. If the loop is now tightened until the two halves are 
completely separated, the portion containing this single nucleus will 


F1a. 184. Embryos arising from separated 4-blastomeres of the newt’s egg. A, the 
ligature separates the dorsal and ventral halves of the embryo. B, the ligature 
separates the right and left halves. C, perfect embryo arising from dorsal 
2-blastomere. D, mass of cells arising from ventral 3-blastomere. E, two perfect 
embryos arising from right and left 2-blastomeres. (After Spemann.) 
254 
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give rise to an embryo like the one from the portion containing the 
fifteen nuclei and exactly like one arising from a complete fertilized 
egg. 


Fia. 185. Experiment demonstrating equality of nuclei formed during cleavage 

(Triton). A ligature has been tied around the fertilized egg restricting the nucleus 

to the right-hand portion. A, 16-cell stage, one nucleus passing into left-hand por- 

tion. B, ligature tightened to separate the two portions. C, perfect embryos formed 

by the separate portions. The nucleus of a 7s-blastomere equivalent to that of a 
complete zygote. (After Spemann.) 


Pressure experiments. Further examples of the regulative power 
of some eggs may be seen in pressure experiments. If the eggs of 
the frog are placed between glass plates during cleavage, the third 
cleavage planes will be meridional instead of latitudinal, and the 
fourth cleavage plane is latitudinal (Fig. 186). Now if the eggs are 
released, their later development will be quite normal even though 
the blastomeres are occupying positions unlike those which they hold 
ordinarily. 


Double embryos. Still another example may be seen in the eggs 
of Triton. If these are freed from the egg envelopes, the blastomeres 
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Fig. 186. Diagram to show new relationship of blastomeres in frog’s egg resulting 

from pressure during cleavage. A, normal 8-cell stage. B, 8-cell stage formed 

under pressure. C’, normal 16-cell stage. D, 16-cell stage formed under pressure. 

Cells normally in animal hemisphere shown in stipple. (Suggested by a diagram in 
Wells, Huxley, and Wells.) 


at the two-cell stage assume a dumb-bell shape. Mangold discovered 
that, by placing one embryo in the two-cell stage over another (Fig. 
187), a double embryo resulted almost exactly similar to a single 
embryo in the four-cell stage and 
would develop as such, provided only 
that the gray crescent regions of the 
two fell in the same plane. Otherwise 
double monsters resulted. 


Monovular twins and monsters. 
The extreme plasticity of the ver- 
tebrate egg as seen by the fact that 
either two separate individuals or 
duplicate monsters may be formed 
from the complete or partial separa- 
Fie. 187. Double embryo arising tion of blastomeres suggests an ex- 
fon fusion of 2-cell stages of Triton planation of identical twins and the 
i; se Sea Gait ee ae duplicate monsters which play so large 
when laid over each other crosswise. f part in the study of teratology. It 
Note that a new cleavage is under 18 generally accepted that identical, as 
way in all blastomeres. (After distinguished from fraternal, twins are 

Mangold and Seidel.) the product of a single fertilized egg 
which has divided completely: during 

early embryology, whereas the duplicate monsters, ranging from 
Siamese twins to monsters in which one individual is but a parasite 
upon the body of the other, result from incomplete separation. These 
identical twins are always of the same sex. Ordinary or fraternal twins 
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(triplets, ete.) are supposed to be the product of separate eggs which 
ovulated and were fertilized at about the same time. Such twins are 
frequently of different sexes. In this connection we might mention the 
free-martin, a sterile female twinned with a male, not infrequent among 
cattle, and supposed to result from one of two eggs which develop a 
common chorion and therefore a common blood stream. It is sup- 
posed that a male hormone circulating in the common blood stream 
inhibits the normal development of the female twin, so resulting in the 
production of the sterile free-martin (Lillie). 


ORGANIZATION OF THE EMBRYO DURING 
GERM-LAYER FORMATION 


The amphibian embryo is remarkably hardy, and during the 
early stages of development will endure very severe operations. The 
work of Harrison in this country and of Spemann in Germany has 
resulted in the perfection of a method of removing portions of an 
embryo (microdissection) and grafting them into a new environment, 
where they will continue development. The embryo from which the 
portion is removed is known as the donor; the removed portion is 
called the graft (transplant); and, when the portion removed is 
transplanted into another embryo, the second embryo is termed’ the 
host. 

The accompanying diagram (Fig. 188) will bring out some of the 
methods which have been developed in transplantation experiments. 
Thus the graft may be transplanted into another portion of the same 
embryo (homoplastic transplantation).* It may be transplanted into 
another embryo of the same species (heteroplastic transplantation). 
_ It may even be transplanted into an embryo of another species or 
genus (xenoplastic transplantation). 

Another method which has brought interesting results is transplant- 
ing the removed portion into a nutrient medium and allowing it to 
develop there under sterile conditions (explantation). This is also 
known as cultivation “in vitro,” which means in glass. Another 
ingenious technique is transplanting the graft into a cavity of another 
embryo and allowing it to develop there. The example shown in the 
diagram is of a bit of embryonic tissue transplanted into the eyeball 
of a tadpole, which acts as a nutrient chamber. Hoadley and others 
have developed a technique of grafting chick-embryo tissue from a 
donor to the chorio-allantois of a host. Such a technique is called 
interplantation (implantation). 

1 Some investigators use autoplastic=homoplastic ; homoplastic=heteroplastic ; 
and heteroplastic = xenoplastic. 
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When considering the results of these experiments, we must realize 
that they fall into three classes. The first, which is concerned with 
the fate of a particular portion of the embryo when explanted or 
interplanted, may be called isolation experiments. ‘The second, which 


Incision 


Hy Interplant 


——_—_-—--_— . 


Nutrient medium 


Fic. 188. Diagrams to show different methods of transplantation, etc. A, homo- 
plastic transplantation. B, heteroplastic transplantation (both donor and host of 
same species). C’, xenoplastic transplantation (donor and host of different species). 
D, explantation (in vitro). £, interplantation. (Based on a diagram of Dirken.) 


is concerned with the fate of an embryo from which a particular por- 
tion is removed, may be called defect experiments. The third, which 
is concerned with the fate of a particular portion of an embryo which 
has been transplanted into a host and also with the effects produced 


by the transplant upon the host, may be called recombination ex- 
periments. 
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Plasticity (dependent differentiation). In the amphibian egg, which 
is of the regulation type, it has been demonstrated that the presump- 
tive organ regions of the blastula (and until about the middle of 
gastrulation) are quite plastic, ie., can be transplanted into other 
localities and will give rise to the organs appropriate to the new 
locality. Thus, material which is presumptive epidermis can be 
transplanted into a region where it will become neural plate, meso- 
derm, or even endoderm. Presumptive mesoderm is more refractory. 
When transplanted it tends to invaginate, but within the mesodermal 
area small groups of cells can be interchanged freely. The presence 


A 


Fic. 189. Xenoplastic transplantation. Here 7. cristatus (light) is the donor and 

T. taeniatus (dark) is the host. A, after transplantation. B, the transplant de- 

veloping in the neural plate (region of the brain). C, section in later stage showing 
transplant developing in fore-brain. (After Spemann.) 


of yolk apparently prevents the large cells of endoderm from con- 
forming to the pattern of surrounding cells. In the chick, however, 
the endodermal cells show a high degree of plasticity. 

Very instructive experiments are those in which material is trans- 
ferred from a species with heavy pigmentation (Triton taeniatus) to 
one with light pigmentation (Triton cristatus). Here the graft pre- 
serves its racial character of pigmentation while otherwise conforming 
to the development of the host. Figure 189 illustrates such an example 
of xenoplastic transplantation. The light-colored graft from 7. cris- 
tatus has developed into part of the neural tube of the host, where it 
stands out by reason of its light color. In the reciprocal transplanta- 
tion (Fig. 190), the dark graft from T’, taeniatus has given rise to 
the right external gills of the host. 

With the exception of the chorda-mesodermal field district (the 
gray crescent area, or marginal belt) and the endodermal field district, 


‘ 
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in which the phenomenon of plasticity exists only within the area 
itself, it may be said that the possibilities of any group of blastomeres 
are greater than their presumptive fate. This is expressed in another 
way by saying that differentiation potency is greater than differentia- 
tion fate. 


Fig. 190. Xenoplastic transplantation between Triton taeniatus (dark), the donor, 

and Triton cristatus (light), the host, to show early plasticity. A, immediately after 

transplantation. _B, the transplant developing in the gill region. C, the gills of the 

transplant relatively more advanced. D, section through C in the gillregion. (After 
Spemann.) 


The loss of plasticity (self-differentiation). After gastrulation is 
well under way, this plasticity seen in earlier stages is lost. The vari- 
ous regions of the embryo have become determined and thenceforth 
will give rise only to the structures normally developing from them. 
From now on it is areal mosaic. Figure 191 shows an embryo in which 
the various organ fields are determined. If a bit of tissue is removed 
from the eye field and transferred to the flank of another embryo 


(Fig. 192), it will give rise only to an eye, even in its new and ab- 
normal environment. 
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Similar experiments have been carried on with the chick (implanta- 
tion on chorio-allantois), and it has been proved that the eye field, 
ear field, limb buds, and other regions will develop and give rise only 
to the respective organs. 

Very striking results have 
been obtained by implant- Eye field 
ing portions of rat embryos 
on the chorio-allantois of the 


chick, and a considerable Hypophysis 
1e. 


Ear field Neural tube field 


amount of self-differentia- Nose field 
tion has been demonstrated. Lens field 
Hindlimb field 
The chorda-mesodermal ag, ves Gil Forelimb field 
field. The area which first field field 


manifests the property of Fia. 191. Diagram of an amphibian embryo, 

a ae . showing organ fields as determined by transplanta- 
self differentiation as the tion experiments. (After Huxley and de Beer.) 
gray crescent region. This 


area when transplanted always undergoes involution and develops noto- 
chord and mesoderm. But what is more striking it always induces 
the layer of cells immediately overlying it to form a neural plate, 


Donor Host 


Fig. 192. Self-differentiation in the toad Bombinator. A, donor in early neurula 

stage showing region from which graft was taken. B, host in late neurula stage. 

C, section through later embryo of host, showing graft forming optic cup in region 
normally occupied by pronephros. (After Spemann.) 
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folds, and tube. For this reason the area was originally called the 
“organizer” (organizator, organizing center). 

It was later shown that when material from the chorda-mesodermal 
field had been dried, boiled, or narcotized, it could still evoke the forma- 
tion of a neural plate and folds in the ectoderm overlying it. 
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Fic. 193. Effect of transplanting chorda-mesodermal field. A, dorsal view of host 
(Triton taeniatus) in neurula stage. B, right side view at same stage showing sec- 
ondary neural plate induced by dorsal lip region of the donor (T'riton cristatus) shown 
in white. C, later stage showing primary embryo in side view and secondary embryo 
in dorsal view. D, transverse section through C. (After Spemann and Mangold.) 


Evocation, then, differs from induction, in that it can be brought about 
by lifeless agents. Many such agents, bits of tissue from adult ani- 
mals and a number of apparently unrelated chemicals, act as evocators. 
We must distinguish, therefore, three properties in the chorda-meso- 
dermal field. First, its self-differentiating ability, that is to say, the 
fact that this area is the first to have its fate determined. Second, its 
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inductive ability, in that it can induce the tissue around it to respond 
to and become part of the pattern which it is developing. Third, the 
fact that it contains substances which are sufficiently stable to resist 
physical and chemical treatments and yet evoke a response in near-by 
areas. 


Competence. In later development subfields (Fig. 191) are segre- 
gated in the larger fields, until the property of plasticity has disappeared 
and the fates of the different parts of the embryo are strictly determined. 
The mechanism of this process is still obscure, but experimental embry- 
ologists are convinced that it is a progressive one, in which there are 
two main factors or sets of factors. One factor is the ability (compe- 
tence) of a portion of the embryo to respond to an induction, the other 
the presence of an inductor. For example, in some species of frogs 
(e.g., Rana fusca) the lens of the eye will not form if the prospective 
primordium of the retina is removed in the neurula stage. In another 
species (Rana esculenta) the lens forms even if the retinal primordium 
has been removed. The question arises as to whether the failure of 
the lens to form in FR. fusca was due to the lack of an inductor or the 
lack of competence. It was settled by grafting over the developing 
optic vesicles the belly skin of the same species and, in other embryos, 
the belly skin of a toad. The frog skin did not form a lens but the 
toad skin did, thus showing that the failure was due to lack of com- 
petence. 


ENVIRONMENTAL FACTORS IN DEVELOPMENT 


Many experiments have been carried on in the attempt to find the 
definite results produced on the developing embryo by changes in the 
environment. These investigations have established normal limits 
of temperature, etc., within which development can be completed. 
Within these limits, although development may be altered as to rate, 
etc., it is nevertheless carried on to a successful outcome. Beyond 
these limits the alterations are so profound as to produce monsters 
or cause death. Among the factors susceptible to experimental con- 
trol are gravity, heat, light, the chemical constitution of the environ- 
ment, and food. 


Gravity (and centrifugal force). It has been remarked (page 251) 
that the original polarity of the egg is not due to any effect of 
gravity. In telolecithal eggs, however, gravity may have some effect 
on the course of development. Thus frog’s eggs when forcefully in- 
verted may give rise to duplicate monsters. The hen’s egg if not 
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rotated at regular intervals fails to hatch. It has been shown (Dareste, 
1877) that this is due to the failure of the yolk sac to complete its 
development. It adheres’ to the allantois and cannot be retracted 
into the body as in normal development. 

The influence of gravity may be shown 
in an exaggerated manner by prolonged 
centrifuging. It was found by O. Hertwig 
that, if the frog’s egg is centrifuged dur- 
ing cleavage, the yolk is so concentrated 
in the vegetal hemisphere that the cleav- 
age planes fail to cut through it and 
the end result is meroblastic cleavage 
suggestive of that seen in the chick 


Fia. 194. Verticalsectionthrough (Fig. 194). 
blastula of a frog’s egg following 


centrifuging. (After Hertwig.) Heat. The rate of development is 

directly affected by temperature. This 
is well shown in the development of the frog’s egg. In this the range, 
or difference between the upper and lower limiting temperatures, over 
which normal development is possible is over 20° C. (Moore, 1939). 
Within this range, which in Rana pipiens extends from approximately 
8° C. to 28° C., development proceeds more rapidly at higher tem- 
peratures and more slowly at lower temperatures. The times assigned 
to the stages (Shumway, 1940) used in this book are based on develop- 
ment at 18° C. 

For the hen’s egg, Kaestner determined the optimum temperature 
for normal development to be between 35° and 39° C. (95°-102° F.). 
The maximum temperature tolerated is 43° C., the minimum 28° C. 
(20°-21° C., Edwards). 

Eggs of either frog or hen which have been exposed to extreme heat 
or cold and then returned to the optimum temperature often develop 
abnormally. A common type of monster is one in which neural plate 
and notochord are split (spina bifida). 

Very striking results have been obtained by subjecting the eggs 
of the frog or the hen to a temperature gradient, that is, controlling 
the temperature so that one side is hotter or colder than the other. 
If the gradient runs along the polar axis, and the greater heat is 
applied to the animal pole, the result is that the embryos and larvae 
have overlarge heads; if the higher temperature is applied to the 
vegetal pole, the head region is subnormal. When the temperature 
gradient is. applied laterally, the development of the heated side pro- 
ceeds more rapidly than that of the cooled side. 


Undivided yolk 
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It may be concluded that, within the limits of toleration, develop- 
ment is accelerated by increased temperatures and retarded by de- 
creased temperatures. 


Light and other forms of radiation. In spite of a considerable 
number of experiments designed to determine the effects of definite 
intensities and wavelengths of light upon the developing embryo, the 
results are as yet too inchoate to be discussed in an elementary text- 
book. 

Ultraviolet light, X-rays, and radium emanations in extreme dosage 
cause the cessation of development. In smaller dosage, they bring 
about anomalies (abnormalities in structure caused by disturbances 
in development). It should be remembered that the work of Miiller 
and others indicates that these agents accelerate the rate of mutation 
of Drosophila genes, and so induce genetic point mutations as well 
as developmental anomalies. 


Chemical composition. The chemical composition of the surround- 
ing medium affects profoundly the nature of development. The 
embryo cannot develop without oxygen, for it cannot live without: 
respiration. It has been pointed out by Morgan that frog’s eggs 
in the very center of the egg mass often develop abnormally (spina 
bifida, etc.). And it has long been known that the hen’s egg ceases 
development if the pores of the shell are closed by water glass, 
varnish, or other agents. 

Water, too, is an essential. The growth of the embryo depends 
upon the absorption of water, and all embryos must undergo their 
development within a watery medium. Even the terrestrial embryo 
has its private pond in the amnion. A slowing up in the rate of 
development, accompanied by abnormalities and a large percentage of 
deaths, results from incubating hen’s eggs in a desiccator. The per- 
centage of water in the frog’s egg increases steadily during the first 
two weeks of development. 

A very striking series of experiments was carried on by Herbst 
on the development of the sea urchin in artificial sea waters which 
had been made up omitting one after another of the elements found 
in normal sea water. Jenkinson, summarizing the evidence, says: 

“The experiments which we have been considering are unique of 
their kind, and it is impossible to exaggerate their importance. For, 
whatever may be the ultimate explanation of the facts, there can be 
no doubt whatever that the most complete demonstration has been 
given of the absolute necessity of many of the elements occurring in 
ordinary sea water, its normal environment, for the proper growth and 
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differentiation of the larva of the sea urchin. Nor is this all. Some 
of the substances are necessary for one part or phase of development, 
some for another, some frem the very beginning, others only later on. 
Thus potassium, magnesium, and a certain degree of alkalinity are 
essential for fertilization, chlorine and sodium for segmentation, cal- 
cium for the adequate cohesion of the blastomeres, potassium, calcium, 
and the hydroxyl ion for securing the internal osmotic pressure neces- 
sary for growth, while without the sulph-ion and magnesium the due 
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Fic. 195. Exogastrulation in Triton. A, B, exogastrulae showing direction of dis- 
placements during exogastrulation. Compare Fig. 56. C, section of later exo- 
embryo. (After Holtfreter in Huxley and de Beer.) 


differentiation of the alimentary tract and the proper formation of 
the skeleton cannot occur; the secretion of pigment depends on the 
presence of some sulphate and alkalinity, the skeleton requires cal- 
cium carbonate, cilia will only beat in an alkaline medium contain- 
ing potassium and magnesium, and muscles will only contract when 
potassium and calcium are there.” 

The addition of chemicals to the medium has resulted in many 
interesting disturbances in development. We can call attention here 
to two only. In the sea urchin it was found that the addition of 
lithium salts to sea water caused the embryo to undergo a very curious 
form of gastrulation, in which the endoderm and mesoderm were 
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evaginated instead of being invaginated (Herbst). Such an embryo 
is called an exogastrula. 

Holtfreter (1933) induced exogastrulation in the egg of Triton 
by removing the egg envelopes and placing the developing egg in weak 
Ringer’s salt solution. In the cases where development continued 
for some length of time (Fig. 195), it was discovered that the embryo 
developed in two parts, an ectodermal portion with no differentiation, 
connected by a narrow isthmus to a mesendodermal portion in which 
differentiation proceeded, but in an abnormal fashion. The embryo 
is inside-out. The mesendodermal portion of the exoembryo develops 
a typical notochord, somites, kidney, gonad, a heart (empty), and a 
digestive tube, in which all the typical regions are indicated, including 
visceral pouches. These results confirm those of transplantation and 
explantation experiments discussed in an earlier section. 


Food, hormones and vitamins. The amount and kind of food 
supplied to the developing young naturally affect the subsequent 
development. Thus, if frog tadpoles are fed on an exclusively vege- 
tarian diet, the intestine becomes much longer than when an exclusively 
meat diet is offered. Specific foods often result in equally definite 
changes in the body. Thus Gudernatsch discovered that frog tadpoles 
fed on thyroid tissue grew less rapidly but underwent metamorphosis 
much more rapidly than the controls. 

Later investigations indicate that the effects of thyroid are due to a 
hormone formed by this gland (thyroxin), which is a definite factor in 
bringing about amphibian metamorphosis (Fig. 196). The thyroid is 
but one of several endocrine glands which have been shown to be 
important factors in development either by feeding experiments, by 
transplantation of glandular tissue, or by extirpation of the gland from 
a young embryo. 

The pituitary gland, often called the master gland of the vertebrate 
body, secretes a number of hormones. The follicle-stimulating hor- 
mone and luteinizing hormone have already been mentioned (page 128). 
In mammals a lactogenic hormone controls the enlargement of the 
mammary glands. Other hormones secreted by the pituitary gland 
are important in stimulating the development and activity of such 
endocrine glands as the thyroid, adrenal, and the gonads. Still another, 
the so-called growth-promoting hormone, stimulates the growth of the 
embryo in later stages. It must not be thought that this last-named 
secretion is wholly responsible for growth, because this phenomenon 
commences before the appearance of the pituitary gland, and, in tad- 
poles, the extirpation of the gland does not inhibit further growth, 
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The gonads form the so-called sex hormones, male sex hormone in 
the testis, and female sex hormone in the ovary. These have most 
important effects on the ‘later development of the sex organs of the 
individual. Lillie’s theory as to the origin of the free-martin, a sterile 
female intersex in cattle, has been mentioned (page 257). Witschi 
has created artificial Siamese twins in amphibia by cutting off a portion 
of the embryos in an early stage and grafting the two cut surfaces 


Fie. 196. Metamorphosis in Ambystoma. A, before metamorphosis. B, after 
metamorphosis. (After Dirken.) 


together. Individuals united side-by-side are called parabionts; those 
united end-to-end are termed telobionts. If both members of the 
pair are of the same sex development proceeds normally, but if it turns 
out that one was a genetic female and the other a genetic male, the 
female is underdeveloped sexually, apparently due to the more powerful 
effect of the male sex hormone. Several investigators have shown 
that sex hormones can be transmitted across the placental barrier, but 
at the time of writing free-martins have not been successfully produced 
through the direct action of purified male sex hormones. 


\ 
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The réle of the vitamins in the metabolism of-the embryo is too 
little understood at the present time for us to do more than allude to 
this subject. Vitamin E is often called the antisterility vitamin be- 
cause its absence from the diet results in loss of the reproductive 
power. Adamstone (1931) in this laboratory has shown that the 
chick embryo produced by hens on a vitamin-E-free diet dies early 
in development, after extensive disturbances in the blood-vascular 
system. 


CHAPTER 18 
ATLAS OF VERTEBRATE EMBRYOS 


As the chapter heading indicates, the reader will find here illus- 
trations to portray the anatomy of-representative stages in the de- 
velopment of the frog, chick, and pig, as these are commonly studied 
in the laboratory. They have been referred to often in previous chap- 
ters, but the student will find it an advantage to go over them again 
for the mental exercise of comparing transverse with sagittal and 
frontal sections, and also sections of all kinds with transparent whole 
mounts. He should remember that these sections are not idealized 
but are exactly the same kind of material as that he will encounter 
in the laboratory. On the other hand, since all embryos vary slightly 
in the stage of their development and the method of preparation em- 
ployed, the student will never encounter sections exactly like those 
here portrayed. They are labeled extensively but not completely, and 
they should be considered, at most, a starting point for intensive 
individual work in the laboratory. 
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Fig. 197. 3-mm. frog embryo, viewed from right side as a transparent 
object. (Stage 17.) X15. 


Nore. The frog embryos illustrated belong to the species Rana pipiens. All 
references in the text, in the absence of specific statements to the contrary, are to 
R. pipiens and based on personal examination of embryos raised in the laboratory 
from identified adults of this species. Embryos of other species of Rana will differ 
from those described and figured here. 
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Fig. 198. 3-mm. frog embryo, Sagittal section. 50. 
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Fig. 199. 3-mm. frog embryo. Transverse section through optic 
vesicle. X50. 


Mesoderm 


Fie, 200. 3-mm. frog embryo. Transverse section through otic 
(auditory) vesicle. 50. 
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Fic. 201. 3-mm. frog embryo. Transverse section through mid-gut and 
liver. X50. 
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Fra. 202. 3-mm. frog embryo. Frontal section through optic stalks, liver, and 
hind-gut. 50. 
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Fra. 203. 6-mm. frog larva (just hatched). Transparent preparation, viewed from 
right side. (Stage 20) — <o: 
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Fia. 205. 6-mm. frog larva. Transverse section through optic cup. 
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Fic. 206. 6-mm. frog larva. Transverse section through otic vesicle. 
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Fig. 207. 6-mm. frog larva. Transverse section through pronephros. 50. 
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Fic. 208. 6-mm. frog larva. Frontal section through nasal pit and visceral 
pouches. X50. 
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Fie. 209. 11-mm, frog larva. Transparent preparation viewed from 


right side. (Stage 25.) X15. 
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Fie. 210. 11-mm. frog larva. Sagittal section, anterior part. 40. 
281 
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Fie. 211. 11-mm. frog larva, Transverse section, through eye. 40. 
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Fie 212. 11-mm. frog larva. Transverse section through ear. X40. 
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Fig. 213. 11-mm. frog larva. Transverse section through pronephros. 40. 
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Frontal section through nose, eye, and ear. 
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Fig. 215. 24-hour chick embryo. Cleared preparation from dorsal side. X25. 
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Fia, 216. 24-hour chick embryo. Sagittal section. X37. 
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Fig. 217. 24-hour chick embryo. Transverse section through brain region. The 
neural folds have met but are not yet fused together. 50. 
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Fia. 218. 24-hour chick embryo. Transverse section through region of intestinal 
portal. X50. 
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Fig. 219. 24-hour chick embryo. ‘Transverse section through fourth somite. 
x50. 


Primitive groove 


Endoderm 


Fig. 220. 24-hour chick embryo. ‘Transverse section through primitive streak. 
X50. 
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Fig. 221. 33-hour chick embryo. Cleared preparation from dorsal view. 25. 
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Fie. 222. 33-hour chick embryo. Sagittal section. 25. 
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Fic. 223. 33-hour chick embryo. Transverse section through optic vesicles. 
x50. 
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Fie. 224, 33-hour chick embryo. Transverse section through otic placodes. 
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Fig. 225. 33-hour chick embryo. Transverse section through vitelline veins. 
X50. 
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Pia. 226. 33-hour chick embryo. ‘Transverse section through sixth somite. 50. 
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q. 227. 48-hour chick embryo. 
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Fre. 228, 48-hour chick embryo. 


x50. 


frontal section due to torsion. 


292 


Dorsal aorta 


Anterior cardinal vein 


Aortic arch I 
Lens pit 


j “x - ; 
Chorion AS = Optic eup 
Beas es 
A; 
“s, 
“Na 
Y na 7 
hy 2 
ayy 
f Pa 
AN 
wee 
See ay 


Notochord 


ia pit 
i sen i= Blood i 
Visceral groove I or ood island 


Pigment layer 
Visceral pouch | Hypophysis Sensory layer 


Fig. 229. 48-hour chick embryo. Transverse section through otic pit and optic 
cup. X50. 
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Fic. 230. 48-hour chick embryo. Transverse section through heart. X50. 
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Fig. 231. 48-hour chick embryo. Transverse section through liver. 50. 
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Fia. 232. 48-hour chick embryo. Transverse section through mesonephros. 
x50. 
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Fie. 233. 72-hour chick embryo. Transparent preparation from dorsal view 
head seen from right side. X15. 
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Fig. 234. 72-hour chick embryo. Sagittal section. 25. 
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Fig. 235. 72-hour chick embryo. ‘Transverse section through otic vesicle. X25. 
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Fic. 236. 72-hour chick embryo. Transverse section through optic cup. X25. 
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Fia. 237. 72-hour chick embryo. Transverse section through heart and lung. 
x25. 
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Fig. 238. 72-hour chick embryo. Transverse section through liver. X25. 
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Fic. 239. 72-hour chick embryo. Transverse section through vitelline arteries 
leaving body. X25. 


Fig. 240. 72-hour chick embryo. Transverse section through allantois. 25. 
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Fie. 241. 10-mm. pig embryo. Transparent preparation from right side. X11. 
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Fia. 242. 10-mm. pig embryo. Sagittal section. X16}. 
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Fig. 243. 10-mm. pig embryo. Transverse section through otic vesicles. 163. 
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Fig. 244. 10-mm. pig embryo. ‘Transverse section through optic cup. 
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lrg. 245. 10-mm. pig embryo. Transverse section through nasal (olfactory) pit. 
x<163. 
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10-mm. pigembryo. ‘Transverse section through sinus venosus. 163. 
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Fig. 247. 10-mm. pig embryo. Transverse section through lung buds. 
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Fic. 248. 10-mm. pig embryo. Transverse section through stomach. 
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10-mm. pig embryo. Transverse section through gall bladder. - X16}. 


10-MM. PIG 305 


Notochord 
Posterior 
cardinal 
vein 
Posterior 
vena 


Left 
vitelline 
(portal) 
vein 


Fused 
umbilical 
veins 


Fig. 250. 10-mm. pig embryo. Transverse section through umbilical stalk in 
region of intestinal loop. X16}. 
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Fig. 251. 10-mm. pigembryo. Transverse section through metanephric duct and 
posterior limb buds. 163. 
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Fic. 252. 10-mm. pig embryo. Frontal section through aortic arches and ductus 
venosus. X16}. 


CHAPTER 19 
EMBRYOLOGICAL TECHNIQUE 


Embryos, according to their size, may be studied as opaque ob- 
jects or, after they have been properly treated, as transparent objects. 
The older generation of embryologists depended largely upon deli- 
cate dissections of these minute objects, and this method is still of 
great value. 

The method most employed in the study of comparative embryology 
is that of cutting a preserved egg or embryo into a series of extremely 
thin slices, and arranging these in order upon a glass slide, so that 
they may be examined under the microscope. Yet it is a difficult 
mental exercise to translate sections into terms of the whole embryo, 
for the single section, especially, is meaningless except when interpreted 
as a part of the complete series. It is very helpful, therefore, when 
facilities permit, for each student to prepare for himself a whole 
mount and a series of sections through one of the embryos he is to 
study. 


FIXATION 


The preliminary preparation of material for microscopical work 
involves three distinct operations: killing, fixing, and preservation. 
In practice, two or three of these operations are performed by a single 
reagent known as a “ fixing fluid.” Such a reagent should kill the 
embryo so rapidly that it will undergo the minimum of postmortem 
changes; it should preserve the structures of the embryo with as life- 
like an appearance as possible; and it should harden the soft parts so 
that they may undergo the later processes of technique without loss 
of form or structure. Some fixing fluids, such as alcohol or formalin, 
may be used indefinitely as preservatives, but the majority are used 
for a particular optimum period, and then washed out and replaced 
by alcohol. 


THE FROG 


The frog’s egg, before hatching, is best fixed by Smith’s fluid. 


PovassitimepIchromeatemerenienrertrnetitrtTtr ene 0.5 gram 
Glacialkaceticnacid’y, . ..)<cusih orc eee 2.5 cc. 
A ergoothibalen Baran iia ce OemTaI oa sa SMUG UG A tie 5.0.0.0 ow 10.0 ec 
Distilled cwaters yes oo. o's ane eee ree et eRe 75.0 ce 
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1. Cut the egg masses into small pieces of about twenty-five eggs 
each, and submerge them in a dish of Smith’s fluid for 24 hours. A 
quantity equal to ten times the volume of the eggs should be used. 

2. Rinse the eggs in water and wash with a 5 per cent aqueous 
solution of formalin until no more free color comes out. The eggs 
may be kept indefinitely in this fluid. If it is desired to remove 
the egg membranes, proceed as follows: 

3. Wash in water for 24 hours, changing the water several times. 

4. Place the eggs in eau de Javelle, diluted with three times its 
volume of water, and shake gently from time to time during a period 
of 15 to 30 minutes until the membranes are almost dissolved and 
will shake off. 

5. Rinse in water and run through 50 per cent and 70 per cent 
alcohol, an hour to a day each, and preserve in 80 per cent alcohol. 

After hatching, larvae are best fixed in Bouin’s fluid. 


Picric acid, saturated aqueous solution ................ 75 ce 
OV IT eR ERO R Tne, Mee eT eh poem once eae te octet at cha os a 25 ce. 
Mer Satis eh PRES ETC tes Pe telne. cok, attend 5:2 Gh As carci) ohcke aie tus 5 ce 


1. Larvae are left in this fluid 1 to 18 hours, according to size. 

2. After rinsing in 50 per cent alcohol, wash in 70 per cent alcohol, 
to which has been added a few drops of lithium carbonate, saturated 
aqueous solution, until the yellow color is extracted, and preserve in 
80 per cent alcohol. 


“THE CHICK 


The chick embryo must be removed from the shell, albumen, and 
yolk before fixation. As the early stages are more difficult to handle, 
it is advisable to practice this operation on embryos of 72 hours’ 
incubation and then work backward toward the stages of the first day. 

1. Place the egg in a dish 3 inches high and 6 inches in diameter, 
two-thirds full of normal saline solution, warmed to 40° C. 


Wiesiss JDC se Ol ae ee Sees Oo ee ere 100.00 cc. 


2. Crack the shell at the broad end with the flat of the scalpel, 
and pick away the pieces of shell until an opening slightly larger 
than a half dollar has been made. Remove the outer and inner shell 
membranes. Invert egg beneath the surface of the salt solution and 
allow the contents to flow out. The blastoderm, containing the 
embryo, will rotate until it is uppermost. With fine-pointed scissors, 
cut rapidly a circle of blastoderm, about the size of a quarter, with 
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the embryo at the center. With blunted forceps, pull the blastoderm 
and adherent vitelline membrane away from the yolk and albumen, 
waving it gently beneath the surface of the salt solution to remove 
all yolk. 

3. Submerge a Syracuse watch glass in the salt solution and float 
the embryo into this. Remove the watch glass carefully from the 
large dish and examine the embryo with a dissecting lens. If the 
vitelline membrane has not yet separated from the blastoderm, it 
should be removed at this time with fine-pointed forceps and needles. 
Make sure that the embryo lies dorsal side up, as it did when the 
egg was opened. 

4. Slide a cover glass under the embryo, and remove all salt solu- 
tion with a pipette, taking care that the embryo lies in the center 
of the cover glass. Lift the cover glass by one corner so that the 
overhanging edges of the blastoderm fold under and place it in a 
dry watch glass on a piece of thin absorbent tissue paper. Add at once 
a few drops of F.A.A. fixing fluid, prepared immediately before using. 


Bormalin= <i. 2abgee rece Pelee eee eer 2 parts 
Aleohole. (8576) as asc cece eee rate el acne ee ae 17 parts 
Glacial acetic sacid.e-csmtcce core cerita serene 1 part 


While the embryo is becoming attached to the cover glass, remove 
the yolk, albumen, and pieces of shell from the dish of salt solution 
to a slop jar, reheat the salt solution to 40° C., and prepare another 
embryo. Three embryos of each stage are to be prepared. 

5. After 5 minutes, drop the cover glass, embryo side up, into a 
small stender dish of F.A.A. and leave for 4 hours. 

6. Wash in 70 per cent alcohol for 30 minutes and preserve in 
80 per cent alcohol or stain at once. 


THE PIG 


Embryos of 6 mm. body length and over are easily located in the 
uterine wall. Slit open the uterus and remove the embryo with fine- 
pointed forceps and a horn spoon, taking pains not to rupture the 
membranes. Place at once in Bouin’s fluid. Embryos of 10 mm. body 
length should be fixed for 4 hours. Rinsing and preserving are done 
as for the frog or chick. Larger embryos should have the body cavity 
slit open to admit the fixing fluid. Fetal pigs of 6 inches or more 
should be injected through the umbilical artery with formalin (20 per 
cent aqueous solution). This solution is also injected into the body 
cavity and cranium, after which the fetus is submerged in the same 
medium for a week and preserved in 6 per cent formalin. 
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WHOLE MOUNTS 


It is very helpful to have some embryos mounted entire for com- 
parison with the serial sections. In making these whole mounts, the 
embryos are stained, cleared, and mounted, i.e., transferred to a final 
medium for preservation and examination on the slide beneath a cover 
glass. 


THE FROG 


Frog eggs and embryos may be mounted as opaque objects with the 
natural pigmentation, or they may be cleared and stained as trans- 
parent mounts. 


Opaque whole mounts. Most of the older methods of preparing 
opaque whole mounts have not been permanent enough to justify 
their inclusion in this section. In the 1940 meeting of the A.A.A.S. 
demonstrations of material mounted in a plastic (methyl metha- 
erylate) were shown which hold promise of more permanent prepara- 
tions. Nirections for experimentation along these lines may be ob- 
tained from companies manufacturing these chemicals. 


Transparent stained mounts. 


1. Bleach the embryo, until white, in hydrogen peroxide. About 
one week is required for this purpose. Embryos that have been pre- 
served in 80 per cent alcohol should first be passed through 70 and 
50 per cent alcohol to water, an hour or more in each fluid. Embryos 
in formalin must be rinsed in water for one hour. 

2. Stain in dilute borax carmine four days or more. 


Borax, 4-per cent aqueous solution 22. ........eceeees 100 ec. 
Ghia ei cetera riclas Sebi ss Pal civ e's ls Moldolet ox Ae at 
Boil until dissolved and add alcohol, 70 per cent ....... 100 cc. 


To dilute, take 5 cc. of the borax carmine and 95 ce. of 35 per cent 
alcohol and add a crystal of thymol. 


3. If overstained, remove the surplus color with hydrochloric acid 
(1 per cent solution in 70 per cent alcohol) after passing through water 
and 50 per cent alcohol, an hour each. If acid has been used, several 
changes of alcohol during the hour are recommended. 

4, Run up through 80, 95, and 100 per cent alcohol, an hour each, 
and place in xylene (xylol) until transparent. 

5. Prepare a mounting diagram by drawing an outline of a slide 
on a piece of cardboard and on this lay off an outline of the cover 
glass to be used. Place a clean slide on the diagram, and, just inside 
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the right and left margins of the cover-glass outline, put a small piece 
of broken coverslip as a support. Place a few drops of Canada bal- 
sam, or clarite, dissolved in xylene, between the supports, place the 
embryo in position, and lower a clean cover glass gently. Try to 
avoid the formation of air bubbles. If these appear later, they may 
be removed by a needle which has been heated or dipped in xylene. 
A little fresh balsam or clarite may be run into the cavity. 


THE CHICK 


Total mounts may be stained either with the borax carmine or with 
Mayer’s hemalum. 


Hematoxylin: cGacn as aceon sees ait taco crn errerotets ders 
Distilled ewater, pies hes Geet eee ec aoe ee eee eeite oe 1000 cc. 
After this has dissolved, add 

Soditim rod ate: ea aemus mcthetac errata «tree ke siete sien atcrarans 2 gr. 
A Lun: Jer cease eee eee cence natteteot a, chalet eaetatenate caste etatal tl 50 gr. 


(Does not keep well) 


1. Run the embryo from the 80 per cent alcohol down to water 
through changes of 70 and 50 per cent alcohol, an hour each. 

2. Stain in borax carmine, undiluted, over night, or in hemalum 
1 to 3 hours. Either stain may be diluted still further and the stain- 
ing period prolonged. In the author’s laboratory the schedule demands 
a 4-day staining period, and 5 per cent solutions of the borax carmine 
or hemalum are used. The borax carmine is preferred for whole 
mounts, the hemalum for material which is to be sectioned. 

3. Destain, if necessary, in acid alcohol until the desired color is 
obtained. Embryos stained with hemalum will turn red in the acid 
alcohol, and the blue color must be restored by washing them in 
running water or, after washing in neutral 70 per cent alcohol, placing 
them in alkaline alcohol (1 per cent ammonia in 80 per cent alcohol). 

4. Run up the alcohols, 80, 95, and 100 per cent, half an hour each. 
- Pour off half the 100 per cent alcohol and add an equal amount of 
xylene. When the diffusion currents disappear, transfer to pure 
xylene and leave until the embryo is transparent. In rainy weather, 
or when 100 per cent alcohol cannot be obtained, phenol-xylene 
(phenol crystals, 25 gr. and xylene 75 cc.) may be substituted. 

5. Remove the embryo from the cover glass (if it has not already 
detached itself) and trim the surrounding blastoderm to the form of 
an oblong or circle. Arrange a clean slide on the mounting diagram, 
as described for the frog, place broken bits of cover slip for support, 
and mount the embryo in Canada balsam or clarite with the same 
side uppermost as when the egg was opened. Put the slide away 
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where it may lie flat and free from dust until the balsam has hardened. 
This will take at least a week, after which the slide may be cautiously 
cleaned and studied. The process may be hastened by drying the 
slide in a paraffin oven. 


THE PIG 


Embryos up to 10 mm. body length may be prepared as whole 
mounts by staining in dilute borax carmine, destaining until only a 
trace of color persists, and mounting in Canada balsam. The time 
spent in each alcohol should be at least an hour for the larger embryos. 


SERIAL SECTIONS 


In the preparation of serial sections of an embryo, the fixed mate- 
rial is (1) embedded in a suitable matrix and (2) sliced into ex- 
tremely thin sections, which are (3) mounted in serial order upon 
slides. The embryo may be stained before or after sectioning. 


Embedding. There are two principal methods of embedding, in 
paraffin or in celloidin. For especially delicate objects, the best re- 
sults are obtained by a combination of these methods, the embryo 
being first impregnated with celloidin in order to avoid the shrinkage 
(about 10 per cent) caused by paraffin embedding, and the block of 
celloidin then immersed in paraffin so that ribbons of serial sections 
may be cut. In spite of the shrinkage caused by paraffin, the neces- 
sity of having the sections adhere to each other to form a ribbon 
(page 315) has resulted in the almost universal use of paraffin sections. 


Embedding in paraffin. In preparing the first few embryos for sec- 
tioning, it is advisable to stain, dehydrate, dealcoholize, and clear as 
if for a total mount. Later, the staining may be omitted until after 
the sections are affixed to the slide. 

1. After clearing in xylene, which should be done in a warm place, 
for example, the low-temperature oven at about 40° C., pour off half 
the xylene and add an equal amount of paraffin chips. In the author’s 
laboratory a paraffin of about 55° C. melting point, obtained by mix- 
ing commercial paraffin with parawax, is used. The parawax, un- 
fortunately, varies in melting point, so that the formula is empirical. 
A rubber paraffin, Tissue mat, now on the market, is better for frog 
embryos. The embryo may be left in this xylene paraffin for two 
days. 

2. If the mixture has hardened it should again be melted in the 
low-temperature oven. Fill a clean stender dish with melted paraffin, 
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transfer the embryo to this, and place in the high-temperature oven 
at about 56° C. (or one degree above the melting point of the paraffin 
used) for not more than 2 hours. The xylene-paraffin should be 
thrown in the slop jar. Take care not to get any xylene in the high- 
temperature oven or paraffin used for the final embedding. 

3. Smear the interior of a small watch glass with a 10 per cent 
aqueous solution of glycerin (or vaseline), and fill with fresh melted 
paraffin. Transfer the embryo to this, making any necessary adjust- 
ments in position with a heated needle. Place the embryo dorsal side 
up, and note the position of the head. Cool the surface of the paraffin 
by blowing on it gently until it is congealed. Then plunge it imme- 
diately into a dish of cold water or waste alcohol and leave it there 
for 5 minutes. Mark the block for identification. Objects may be 
left in paraffin indefinitely. 

4. On removing the block of paraffin from its container, examine 
for the following flaws: 

a. Air bubbles, if they are not near the embryo, may be removed 
with a hot needle. Otherwise it is better to trim the block close to 
the embryo, put it into melted paraffin, and re-embed. 

b. Milky streaks are due to the presence of xylene. These will 
crumble during sectioning, so that it is best to re-embed if they occur 
near the embryo. 

c. If the paraffin has “fallen” in the center, it is because the 
surface was cooled too long before the block was immersed in the 
water. If any part of the embryo is exposed, it must be re-embedded. 


Sectioning after paraffin embedding. Before sectioning your first 
embryo, be sure you understand the mechanism of the microtome 
(there are many varieties, of which the rotary type is best adapted 
to beginning students) and have practiced the technique on a block 
of paraffin. There are three standard planes of sectioning corre- 
sponding to the axes of the body (Fig. 253).1 Transverse sections 
are obtained by cutting the cephalic end of the body first, with the 
knife entering the left side. Sagittal sections are made by cutting 
the right side first, with the knife entering the ventral surface. Frontal 
sections are made by commencing at the dorsal surface, the knife 
entering the left side. It is best to begin with transverse sections. 


1 In transverse sectioning of embryos having a marked torsion of the head, as in 
the 72-hour chick embryo, it is best to cut the cephalic end first, but with the knife 
entering the ventral side of the blastoderm. This procedure permits a closer 
trimming of the paraffin block, which will then yield a ribbon with a compact 
series of sections that may be mounted on fewer slides. 
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1. Attach the paraffin block to the object-carrier of the microtome 
in the proper manner to obtain the type of section desired. This is 
done by heating the surface of the carrier until it will just melt paraffin, 
pressing the block against it in the desired orientation, and lowering 
into a dish of cold water. A little melted paraffin may be poured 
around the base of the block and this again cooled to secure additional 
support. 

2. Place the object-carrier in the microtome and, after orienting 
the block with respect to the knife, trim it so that the end of the 
block is a perfect rectangle with one of the longer sides parallel to 
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Fie. 253. Diagram to show method of orienting embryo with reference to micro- 
tome knife according to type of section desired. 


the knife edge. If one of the angles is cut off slightly there will be 
a series of indentations in the ribbon, which will assist in orienting the 
sections on the slide. 

3. If microtome knives are not available, place a new safety-razor 
blade (Autostrop type) in the holder provided, allowing the edge to 
project between a sixteenth and an eighth of an inch. Screw the 
holder in the knife-carrier so that the edge of the blade is tilted 
inward about 10° from the perpendicular. 

4. Set the regulator for 20 microns (thousandths of a millimeter). 

5. Run the feed screw as far back as it runs freely; do not force it. 

6. Advance the knife-carrier until the edge of the blade just clears 
the block. 

7. Release safety catch and turn the wheel steadily until the 
knife begins to cut the block. Cut slowly, making necessary adjust- 
ments to the block and knife until you are cutting a perfectly straight 
ribbon without wrinkles or splits. The principal causes of trouble 
and their remedies are: 
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a. The ribbon curls to right or left. This happens because (1) 
the block is thicker on the side away from which the ribbon curls, or 
(2) the knife is duller on the side toward which the ribbon curls. 
Remedy: (1) trim the sides of the block parallel; (2) shift the knife 
to one side. 

b. The sections curl and the ribbon is not continuous. This is 
due to (1) too much tilt of the knife, (2) too hard a grade of paraffin, 
or (3) too cold a room. Remedy: (1) lessen tilt of knife; (2) re- 
embed in softer paraffin; (3) move microtome to warmer place, light 
an electric light or micro-bunsen burner near microtome, or cut 
thinner sections. 

c. The ribbon wrinkles badly. This is caused by (1) too little 
tilt to the knife, (2) too soft a grade of paraffin, (3) too warm a room, 
or (4) a dull or dirty knife. Remedy: (1) increase the tilt of the 
knife; (2) re-embed in harder paraffin; (3) move to a cooler room, or 
cool the knife and block by dropping alcohol on them and blowing 
vigorously, or cut thicker sections; (4) clean knife edge with cloth 
moistened in xylene or shift to a new place on the knife. 

d. The ribbon splits lengthwise. This is due to (1) a nick in the 
knife, (2) a bubble in the paraffin, or (3) dirt on the knife edge or side 
of the block. Remedy: (1) shift to new cutting edge; (2) paint 
surface with thin celloidin; (3) clean knife edge and block. 

e. The sections refuse to ribbon; they fly apart or cling to the 
knife or the block. This is due to the electrification of the sections 
caused by unfavorable atmospheric conditions. Many remedies have 
been suggested; usually it is advisable to wait for more favorable 
conditions. 

8. Remove the ribbon in 6 inch lengths with a camel’s-hair brush 
and arrange these in order, shiny side down, in a cardboard box 
cover. Avoid air currents of all kinds. The ribbons may be put 
away in a dust-free place if the room is not too warm. It is better 
to affix them to slides as soon as possible. 


Affixing paraffin sections to the slide. 


1. Prepare a mounting diagram by laying off the outline of a 
slide as before, but enclose in this the outline of a long cover glass 
(24 by 50 mm. approximately) and leave space for a label on the 
right-hand side. 

2. Clean a slide thoroughly by washing with acid alcohol and 
then distilled water. Place this over the mounting diagram and brush 


over the surface above the outline of the cover glass with the following 
dilute solution of egg albumen: 
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Egg albumen, beaten and skimmed ................ 50 cc. 
(CUD GGIOITT oy SEE Oe Cy eee ene 50 ce. 
PUENTE Ys fe 2), oct a a a crystal 
Dilute 2 drops of this to distilled water ............. 25 ce. 


3. Cut the ribbon into lengths about 20 per cent shorter than the 
length of the cover glass. Using the wet brush from which most of 
the albumen solution has been squeezed, pick up these lengths and 
arrange them on the albumenized slide so that the sections will follow 
each other like the words on a printed page. The shiny side of the 
ribbon should be next to the slide. Great care should be taken to 
lower the ribbon slowly so as to prevent the formation of air bubbles 
beneath it. 

4. Carefully warm the slides on a warming plate or a piece of 
plate glass, previously heated in the paraffin oven, until the sections 
are expanded and perfectly smooth. If bubbles appear beneath the 
ribbon, prick them with a hot needle while the ribbon is still soft 
and hot. Drain off the surplus water, carefully realign the sections, 
mark the slides with a glass-marking crayon, and set them away in 
the low-temperature oven to dry, at least two days. They may be 
kept indefinitely in this condition if not exposed to dust. 


Staining serial sections. When the embryo has been stained before 
sectioning, it is necessary only to remove the paraffin, replace with 
Canada balsam or clarite, and cover, if the stain proves to be satis- 
factory. Sometimes, however, it is advisable to strengthen or weaken 
the stain or to add a contrasting dye. 


To examine stain. Before proceeding further, the quality of the 
stain should be examined by placing the slide, section side toward 
you, in a Coplin staining jar of xylene. After 5 minutes, wipe the 
back of the slide dry with a paper towel and examine immediately 
under a microscope. CAUTION: xylene evaporates very rapidly. 
Get the slide back in the jar of xylene as fast as possible. If satis- 
factory mount at once (see below). 


To strengthen a weak stain. 

Xylene, 5 minutes. 

Xylene and absolute alcohol (equal parts), 5 minutes, 
Absolute alcohol, 5 minutes. 

95 per cent, 80 per cent, 70 per cent alcohol, 1 minute each. 
Distilled water, 1 minute. 

Stain, undiluted, as required. 

Distilled water, 1 minute, 
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8. 70 per cent, 80 per cent, 95 per cent alcohol, 1 minute each. 
9. Absolute alcohol, 5 minutes. 

10. Xylene and absolute alcohol (equal parts) , 5 minutes. 

11. Xylene, 5 minutes. 


To weaken an intense stain. 


Steps 1-4 as above. 

5. Acid 70 per cent alcohol, as required. 

6. Rinse in 70 per cent alcohol, 1 minute. 
7. Alkaline 70 per cent alcohol, 5 minutes. 
Steps 8-11 as above. 


To counterstain. In order to differentiate the parts of the embryo 
more sharply, it is often desirable to add a second stain contrasting 
with the first. The stains that have been employed in the previous 
exercises are nuclear dyes; that is, when extracting by acid alcohol, the 
color will persist in the nucleus after it has been washed out of the 
cytoplasm. The second stains affect the cytoplasm and should con- 
trast in color with the nuclear stain employed. After borax carmine, 
a blue stain (indigo-carmine, saturated solution in distilled water) 
or a green stain (indigo-carmine prepared as above and mixed with 
saturated aqueous solution of picric acid in equal parts) is useful. 
After hemalum a 0.1 per cent solution of eosin in 95 per cent alcohol 
is good. 

1. Run down the alcohols to the stage corresponding to the medium 
in which the counterstain is dissolved (water for indigo-carmine and 
picro-indigo-carmine; 95 per cent alcohol for eosin). 

2. Stain (5 minutes for indigo-carmine and picro-indigo-carmine; 
10 seconds for eosin). 

3. Run up the alcohols to xylene and mount. 


To mount sections after stain is satisfactory. Wipe back and 
sides of slide dry with paper toweling. Add about three drops of 
Canada balsam or clarite. Place tip of needle (or forceps held in 
left hand) to left of area to be covered. Dip left end of cover slip 
in benzene, rest it against needle, and lower gently with fingers of right 
hand. This should be practiced several times before trying to cover 
sections. It must be done rapidly so that xylene will not evaporate 
before sections are covered. 


Staining with Heidenhain’s hematoxylin. This is one of the most 
important embryological stains. 

1. Remove the paraffin from the sections and run down the alcohols 
to distilled water. N.B. If embryo has been stained before sectioning, 
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the color must be removed by acid alcohol, and the acid neutralized 
before proceeding. 

2. Four per cent aqueous solution of iron alum, one hour to over 
night. 

3. Rinse in distilled water and place in 0.5 per cent aqueous solu- 
tion of hematoxylin, same time as in the iron alum. 

4. Rinse in distilled water and return to the iron alum until 
sections are a pale gray. Check from time to time by rinsing in 
distilled water and examining under microscope to see that the desired 
structures are still visible. N.B. Many investigators prefer to de- 
stain in a saturated aqueous solution of picric acid, neutralizing with 
running water until gray color is restored. 

5. When the embryo is sufficiently destained, wash in running water 
for 20 minutes, or in distilled water, with frequent changes, for 2 
hours. 

6. Run up the alcohols, clear, and mount. 


Fuchsin and picro-indigo-carmine. This polychromatic stain is 
especially fine for organogeny. 

1. Remove the paraffin and run down the alcohols to distilled 
water. 

2. Stain in basic fuchsin, saturated aqueous solution, 20 minutes. 

3. Rinse in distilled water and place in picro-indigo-carmine for 
5 minutes. 


Picrie acid, saturated aqueous solution ................ 50 ce. 
Indigo-carmine, saturated aqueous solution ............ 50 cc, 


4. Pass rapidly through 70, 95, and absolute alcohol into xylene- 
aleohol. The green dye is extracted most rapidly by the 70 per cent 
alcohol, the red by the absolute. Only experience will teach the 
right time allowance for each alcohol. 

5. Clear in xylene and mount. 


TECHNICAL RECORDS 


Not the least important part of technique is the keeping of exact 
records covering every technical operation. For each embryo there 
should be a card, giving the following data: 

1. Kind of embryo and stage of development. 

Method of fixation, time and date. 

Bulk staining, time and date. 

Method of embedding, time and date. 
Plane and thickness of sections and date. 
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6. Slide staining, time and date. 
7. Method of mounting and date. 
8. Name of preparator. 


EMBRYOLOGICAL DRAWINGS 


Free-hand drawings of microscopic objects can only approximate 
an accurate representation. However, great pains should be taken 
to secure at least accurate proportions, neat and clean-cut lines, and 
complete labels. Accurate outlines can be secured by the aid of 
the camera lucida, various types of projection apparatus, or micro- 
photography. 


Equipment. The student will need a hard lead pencil (4H), a 
medium pencil (HB), and blue, red, and yellow pencils, and an eraser. 


Free-hand drawing. 

1. Lay off the space to be occupied by the drawing, by placing 
four dots at the corners. Rule in two lines, intersecting at right angles 
in the center of this space. These will represent the dorsoventral and 
the dextrosinistral axes, if the drawing is to be of a transverse section. 

2. Measure the corresponding axes of the sections by means of 
the ocular micrometer (see below), multiply by the desired magni- 
fication of the drawing, and lay off these magnified measurements on 
the cross lines already drawn. The following magnifications are 
recommended: for the 24-hour chick, 60 x; for the 33-hour chick, 
50 X,; for the 48-hour chick, 40 x; for the 72-hour chick, 30 xX; 
for the 10-mm. pig, 20 x. 

3. Draw in a careful outline of the section and of the internal 
structures, paying particular attention to the proportions, which 
should be measured with the ocular micrometer and laid off on the 
axes at the proper magnification. 

4. On one side of the dorsoventral axis, all structures should be 
colored in accordance with the following scheme: ectoderm, blue; ’ 
mesoderm, red; and endoderm, yellow. 

5. Label all structures represented in the section, using broken 
lines at right angles to the long axis of the paper to connect the label 
with the structure indicated. 

6. Identify the drawing fully, by means of a serial number, the 
species, and stage of development, the number given to the series, 
slide, and section, the type of sections, and the amount of magnifica- 
tion. Example: No. 23, Chick, 48 hours, Series 1102, Slide 2, section 
28, transverse section 50 X. If a drawing has already been made of 
the total embryo or a total mount, indicate on this, by means of a 
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heavy ruled line, the position of the section just drawn, and number 
this line with the serial number of the section. 


Micrometry. The unit of measurement in microscopy is the micron 
(u). It is the one-thousandth part of a millimeter. Measurement 
of microscopic objects is performed with the aid of micrometers, of 
which there are two types, the stage micrometer and the ocular microm- 
eter. The former is a glass slide, in the center of which, under a 
cover glass, is a line, usually 2 mm. long, divided into 200 equal 
parts, each of which, therefore, is equivalent to 10 ». The ocular 
micrometer is a glass disc, placed in an ocular at the level of the 
ocular diaphragm, on which is engraved a scale, with arbitrary sub- 
divisions. Some oculars are furnished with a draw tube so that the 
upper lens of the system may be focused more sharply upon the 
scale. The value of the divisions indicated on the scale varies ac- 
cording to the amount of magnification of the real image, and so 
must be obtained for each objective independently, according to the 
following method: 

1. Arrange the microscope as before, taking particular care to 
secure the proper tube length. 

2. Focus the eye lens on the ocular micrometer scale by means of 
the ocular draw tube. Focus the objective on the stage micrometer. 

3. Make the lines of the stage micrometer parallel with those of 
the ocular micrometer, and determine the value of the divisions of 
the ocular micrometer in terms of those of the stage micrometer. 
Thus, if it requires 10 spaces of the ocular micrometer, and the 
latter is equal to 0.1 mm., then the value of a single space of the ocular 
micrometer for that particular objective and at that particular tube 
length is 0.01 mm. or 10 p». Determine the value of the ocular 
micrometer for each objective in the same way. 


Abbé camera lucida. This is an attachment which reflects the 
light from the drawing board, by means of a mirror, to a silvered 
prism, whence the light is reflected to the eye, superimposed on the 
image of the object which is transmitted through a small hole in the 
silvered surface of the prism directly above the ocular of the micro- 
scope (Fig. 254). 

1. Attach the camera to the draw tube of the microscope in such 
a way that the mirror projects to the right, and the opening in the 
prism lies above the center of the ocular. 

2. Extend the mirror arm to its greatest length and set the mirror 
at an angle of 45°. The mirror arm must be parallel to the drawing 


board. 
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3. Try various combinations of objectives and oculars until an 
image of the desired magnification appears on the paper. Magni- 
fications intermediate to those obtainable in this way may be secured 
by varying the tube length or by raising or lowering the drawing 
board. If the stage of the microscope interferes with the drawing, 
the mirror should be set at an angle of 40° or 35° and the drawing 
board tilted toward the microscope at an angle of 10° or 20°, respec- 
tively, by means of wooden wedges. 
If the image is stronger than the re- 
flection of the pencil point, a smoked 
glass may be replaced beneath the 
prism, or the aperture of the iris dia- 
phragm may be reduced. If the re- 
flection of the pencil is stronger than 
the image, smoked glass may be placed 
at the side of the prism or the amount 
of light falling on the paper reduced 
by means of a screen. 

4. Draw in the outlines of the sec- 
tions and the larger internal structures. 
The details may be added free hand. 

5. Remove the slide and substitute 
a stage micrometer. Trace in part of 
the scale by means of which both the 
magnification of the drawing and the 
absolute size of the object may be 
computed readily. 


Fig. 254. Diagram showing prin- Projection apparatus. Where many 
ciple of the Abbé camera lucida. drawings are to be made, as in the 
poe of rae seen in microscope case of reconstructions, some form of 
pur edaaare ft ees apparatus by means of which the 
fines wa Brom Gace) image of the section may be projected 
directly upon the paper is very help- 
ful. There are many types of projection apperatus, directions for the 
use of which may be obtained with the instruments. A photographic 
enlarger can be used very successfully. 


Microphotography. The photography of minute objects with the 
aid of the microscope is of great assistance in embryology. However, 
the methods are so difficult, the apparatus so complex, expensive, and 
delicate, and the process requires so much technical knowledge and 
skill, that microphotography has been considered a field too advanced 
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for the beginning student. In recent years the motion-picture camera 
has been adapted for use with the microscope, and excellent results 
have already been obtained. 


RECONSTRUCTION 


After an embryo has been sectioned, it is sometimes necessary to 
reconstruct some part of it from the sections. There are two important 
methods: graphic reconstruction, in which a geometric projection 
of a sagittal section, for example, might be made from transverse 
sections; and plastic reconstruction, in which magnified replicas of 
each section are made of wax and piled together so as to make an 
enlarged model of the object to be studied. A complete series of 
sections of uniform thickness and accurate orientation is required 
for either type of reconstruction, and an outline drawing of the embryo 
before sectioning is of great assistance. 


The graphic method (of His). This method can best be described 
by giving practical directions for a particular problem, e.g., to prepare 
a geometrical sagittal projection 20 < of the neural tube of a 10-mm. 
pig embryo from a series of transverse sections 20 ,» in thickness. 

1. From the lateral view of the embryo drawn before sectioning, 
make an outline drawing 20 x. 

2. Draw a median line corresponding to the cephalocaudal axis, 
the length of which, in this case, should be 200 mm. 

3. Count the number of sections in the series, in this case, 500. 

4. Locate the position of each transverse section which you have 
drawn on the median line of the outline. Thus if the most anterior 
section drawn was the fiftieth of the series of 500 sections, it would 
be located at a point one-tenth of the total length of the axis (200 ,»), 
or 20 mm. from the cephalic end. 

5. Theoretically, each section is at right angles to the median 
line, but this angle may be greater or less as a result of variations 
in technique. Study each drawing of a cross-section in connection 
with the drawing of the total embryo and determine the angle made 
by that section with the cephalocaudal axis of the embryo. Draw 
in, at each point located on the median line, a cross line at the 
proper angle so determined. These lines represent the dorsoventral 
axes of the transverse sections. Their lengths should correspond with 
those of the dorsoventral axes of the drawings of the transverse 
sections previously made at the same magnification, 20 Xx. 

6. Plot in on each section-plane line (dorsoventral axis) the dorsal 
and ventral boundaries of the neural tube as determined from 
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measurements of the drawings already made. Interpolate by direct 
measurement and magnification of these points on intervening sections. 
7. Sketch in the contours of the neural tube by connecting up the 
points which have just been plotted. Compare the drawing with a 
sagittal section of an embryo in the same stage of development. 


Plastic reconstruction. This method also will be indicated by 
practical directions for the reconstruction of a particular organ, 
in this case, a model 50 X of the heart of a 10-mm. pig, from a series 
of transverse section, 20 » in thickness. 

1. Prepare a number of wax plates of the proper thickness. In 
this case, if every section is to be reconstructed, the thickness of the 
plates must be 50 X 20», or 1 mm. Nearly as good results can be 
obtained by reconstructing every second section and making the 
plates twice as thick. The wax is prepared according to the following 
formula: 


Beeswar fc hclyte 86.3 tuat puc nto ree tee ee 6 parts 
Parattit. 00S (Osc T cio cs cuss ote retenc ee aceon eT ee eae 4 parts 
ROSIN Witten |W pee een eee eran BRLSAS eae ee 2 parts 


Mix and melt. 


Pour 130 grams of this wax into a pan with an inside measurement 
of 500 X 280 mm., into which boiling water has been poured to a 
depth of 15 mm. This amount of wax will make a plate 1 mm. in 
thickness. Bubbles in the wax may be removed by playing the 
flame of a Bunsen burner over the surface as it is cooling. As the 
surface hardens, cut the edges free from the sides of the pan. When 
the wax has set but is still malleable, roll up the plate and remove 
it to a soapstone slab, where it is unrolled and allowed to cool. 

2. With the help of a camera lucida or projection apparatus, 
prepare outlines 50 X of the heart in all the sections in which it 
is found. Number the drawings consecutively and note the serial 
number of the sections drawn, so that it will be possible to check 
the drawings later if necessary. Note also whether the right and 
left sides of the drawing actually correspond with the right and left 
sides of the embryo or whether this condition is reversed. This is 
very important, as a mistake at this point would render the reconstruc- 
tion valueless. 

3. Transfer the drawings to the wax plates by means of carbon 
paper. Place the wax plates on a sheet of glass, and cut vut the 
parts to be preserved with a sharp scalpel, leaving bridges of wax 
to connect the parts which would otherwise be separated, These 
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bridges are best made in the form of arches bending towards the 
outside of the section. 

4. Pile the sections in order, taking care to avoid the reversal 
of right and left sides, and to get an accurate fit. It is best to 
group the sections in piles of ten. A steady pressure of the hand 
will be sufficient to cause the sections to adhere to each other. 
The bridges may be cut away and stout pieces of wire substituted. 
Heat the wire at each end and press into position. After the wire 
is set, the wax bridges are cut away and the edges of the piece 
smoothed with a heated scalpel or aluminum modeling tool. 

5. When all the sections have been combined in groups of ten, 
these groups should be united and the completed model smoothed 
in the same way. Such models may be painted or dissected, and 
mounted on wooden supports as desired. They are quite permanent 
if not exposed to high temperatures. Plaster of Paris molds and 
casts may be made from them in the customary manner. 
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GLOSSARY 


This glossary includes the technical vocabulary of vertebrate embryology as 
used in the text but does not include terms used in classification and compara- 
tive anatomy. Technical words employed in cytology, genetics, and experi- 
mental embryology are distinguished by the abbreviated name of the particular 
science in parentheses, e.g. (Cyt.). Synonyms are included with the definition 
but not indicated separately. For cross-references to synonyms, see Index. 


ABERRATION. (Cyt.) Irregularity in the number or constitution of the chro- 
mosomes, producing modifications in development. See Mutation. 

AcrosomE. A body at the apex of the vertebrate sperm. Syn., perforatorium. 

ApDNEXA. Extra-embryonic structures produced during development and dis- 
carded before the adult condition is attained, e.g., yolk sac. 

AGGLUTINATION. (Hzp.) A reaction in which sperms collect in a clump under 
the influence of egg-water (fertilizin). 

ALBUMEN. A tertiary egg envelope secreted by the wall of the oviduct in 
amniote animals and used as a foodstuff. 

AuuANntTors. An extra-embryonic sac formed in the development of the 
amniota. 

ALLELE. (Gen.) One of two genes located at the same locus in homologous 
chromosomes but inducing alternative expressions of a particular char- 
acter. Syn., allelomorph. 

Amirosis. A form of cell division in which no chromosomes appear. Syn., 
direct division. 

AMNIOCARDIAC VESICLE. A region of the coelom in the anterior part of the 
chick embryo contributing to the pericardial cavity and the amniotic 


cavity. 
Amnion. An extra-embryonic sac enclosing the embryo, found only in the 
amniota. y 


Amniora. Reptiles, birds, and mammals. 

AMNIOTIC RAPHE. The point where the amniotic folds meet and fuse. Syn., 
sero-amniotic, chorio-amniotic raphe. 

AmpLexus. The sexual embrace assumed by amphibians during the breeding 
season. 

Anamniota. Cyclostomes, fish, and amphibia. 

AnapnHass. (Cyt.) That phase of mitosis in which the chromatids (daughter 
chromosomes) are separating from each other. 

Anastomosis. The union of two parts of a branching network, e.g., blood 


vessels. 
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AnprRocENESIS. (Exp.) The development of an egg which contains paternal 
chromosomes only. 

Anestrum. The period following estrus in the female mammal. 

Anciostast. A term applied collectively to all cells participating in the forma- 
tion of the blood vascular system. 

ANIMAL (POLE or HEMISPHERE). The region in which the polocytes are 
formed. Syn., apical (pole or hemisphere). 

Appenvrix testis. A portion of the Miillerian duct persisting in the adult male 
mammal. 

Arcuatta. Small blocks of connective tissue formed from the sclerotome and 
taking part in the formation of vertebrae. 

Area opaca. A region of the chick blastoderm immediately surrounding the 
area pellucida. Here the yolk is in close connection with the cells of the 
blastoderm. 

AREA PELLUCIDA. The inner region of the chick blastoderm in which the body 
of the embryo develops. Here the yolk is separated from the cells of the 
blastoderm by a cavity. 

Arga vascutosa. A region of the area opaca in which the vitelline blood 
vessels develop. 

AREA VITELLINA. A region of the area opaca surrounding the area vasculosa. . 

Aster. (Cyt.) <A group of fibers extending radially from a centrosome during 
mitosis. 

Atrioporr. An aperture from an atrial chamber. Syn., spiracle. 

ATTACHMENT POINT. (Cyt.) The region of a chromosome which is the first 
to move towards the centrosome in the anaphase. Point where chromo- 
somal spindle fiber is attached. Presumably free from genes. Syn., 
kinetochore, chromocenter, centromere. 

Avutosomn. (Cyt.) Any chromosome except the X- or Y-chromosome. 

Auxocyte. (Cyt.) A germ cell just prior to the meiotic divisions. Syn., 
meiocyte, cyte. 

AXIAL FILAMENT. The contractile element in the tail of a sperm. 


AXIAL MESODERM. The region of the mesoderm nearest to the notochord. _ 


Syn., epimere. 


BaLaNncer. Paired structures on the head of a urodele embryo which are used 
as adhesive organs in place of suckers. 

Buastema. A group of cells prior to their organization into a definite tissue. 

BLAsTocoEL. A cavity associated with the blastula. Syn., segmentation 
cavity. 

Buastocyst. The type of blastula peculiar to mammals. 

BLASTODERM. ‘The sum total of blastomeres before gastrulation. Especially 
the living part of the hen’s egg from which the embryo and all its mem- 
branes are derived (Lillie). 

Biastopisc. The disc-shaped mass of protoplasm lying on the yolk in the 
extreme type of telolecithal egg. Syn., germinal disc. 
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Buastomere. A cell arising in the cleavage of the egg, prior to gastrulation. 

Buastorore. The aperture connecting the gastrocoel with the exterior, Closed 
by the yolk plug in amphibia, Represented by primitive streak in the 
amniota. 

BuastutA. A spherical or disc-shaped embryonic stage marking the end of 
cleavage and just prior to gastrulation. 

Buoop IstAND. An isolated area of mesenchyme in the splanchnic mesoderm 
which will become a blood vesicle, one of the primordia of the vascular 
system. 

BRANCHIAL. Having to do with the gills. 

BraANcHiomeEry. A form of metamerism associated with the visceral arches. 


CELL LINEAGE. The study of the blastomeres, their origin and fate in later 
development. Syn., cytogeny. 

Centrosome. (Cyt.) A small body characteristic of the cell and occupying 
the center of the aster during mitosis (Boveri, 1888). Centriole used as 
synonym by many cytologists who define centrosome as centriole plus 
clear substance immediately surrounding it. 

CEREBROSPINAL. Pertaining both to the brain and the spinal cord. 

CervicaL. Pertaining to the neck, e.g., cervical flexure. 

CxHataza. Twisted albumen, the “strings ” seen in white of egg. 

Cuemoraxis. Movement in response to a chemical stimulus. 

CuimerA. An individual which has two different sets of genes represented in 
different parts of the body, usually rising from chromosomal aberrations 
after fertilization of the egg. 

CHONDRIFICATION. The process of forming cartilage. 

CHonpriosiasts. Cartilage-forming cells. 

CHONDROCRANIUM. That part of the skull originally cartilaginous. 

CHoRDA MESODERM. That part of the embryo which will give rise to the 
notochord and the mesoderm. 

CHORDA NEURAL CRESCENT. A region in the protochordate egg from which is 
derived the notochord and the neural plate. 

CHorI0-ALLANTOIS. A membrane formed by the fusion of the wall of the 
chorion and that of the allantois. 

Cuorton. (1) An extra-embryonic sac external to and enclosing the amnion 
and allantois. Found only in amniota. Syn., serosa, false amnion. 

(2) An egg envelope formed by the cells of the ovarian follicle. 

CuHorow. Used with reference to delicate vascular membranes e.g., choroid 
layer of the eye, choroid plexus of the brain, ete. 

Curomatip. (Cyt.) A half-chromosome. One of the four parts of a tetrad 
(McClung, 1900). 

Curomatin. (Cyt.) Nuclear material readily stained with basic dyes. 

CHromatopHore. A cell containing a mass of pigment granules. 

Curomipia. (Cyt.) Cytoplasmic granules with the staining reactions of 


chromatin. 
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CuromMoMeErE. (Cyt.) A distinguishable region of a chromosome. 

Curomonema. (Cyt.) A slender thread of chromatin which becomes the 
core of a chromosome during mitosis. 

Curomosome. (Cyt.) A mass of chromatin, containing matrix and one or 
two chromonemata, apparent during mitosis. 

Cunavace. The division of the fertilized egg into blastomeres. Syn., segmen- 
tation. 

CLEAVAGE PATH. The path taken by the pronuclei during fertilization from 
the point where they meet to their position in readiness for the first 
cleavage division. ; 

Cierpoic. The type of egg characteristic of reptiles, birds, and oviparous 
mammals, protected by a shell (Needham, 1931). 

CoELOBLASTULA. Spherical type of blastula with a central blastocoel (Haeckel). 

Cortom. The body cavity formed by the separation of the somatic and 
splanchnic layers of mesoderm. 

CoLLECTING TUBULE. Part of nephric tubule leading to nephric duct. 

CoMPETENCE. (Ezp.) The ability of an embryonic area to respond to the 
action of an evocator. 

ConcrEScCENCE. The coming together of parts of the embryo which were 
originally separate. 

CopuLATION PATH. The path taken by the male or the female pronuclei in 
their approach towards each other. 

Corona RADIATA. A layer of follicle cells surrounding the human egg at ovula- 
tion. 

Corpus LuTEUM. A yellow substance secreted in the vesicular follicle follow- 
ing ovulation in mammals. 

Cotytepon. A brush-like group of villi characteristic of the chorion in some 
mammals, e.g., the cow. 

CRANIAL. Pertaining to the head. 

CRossING OVER. (Gen.) A mutual exchange of corresponding regions between 
two chromosomes in synapsis. 

Cryprs. Depressions, such as those in the uterine wall for the reception of 
chorionic cotyledons. 

Cumuuus odpHoRUS. The mass of cells immediately surrounding the mam- 
malian egg in the vesicular follicle. 

Cyts. The germ cell just prior to meiosis, either odcyte or spermatocyte. 

Cytoxinesis. (Cyt.) The phenomena displayed in the cytosome during 
mitosis. 

Cyrotocy. The study of cells. 

CytopLasM. ‘The material of the cell exclusive of the nucleus. 

Cyrosomg. The body of the cell exclusive of the nucleus. 

CyYTOTROPHODERM. The region of the trophoderm characterised by the pres- 
ence of typical cells. 

Decipua. That portion of the uterine wall cast off at parturition. 

Decipua BasaLis. The portion of the decidua which contributes to the forma- 
tion of the placenta. 
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Decripva capsuLaARIs. The portion of the decidua immediately investing the 
chorion. 

Decipua vera. The portion of the decidua neither basalis nor capsularis. 

Decwwuats. A type of placentation characterized by the destruction of ma- 
ternal tissue. 

DeLAMINnation. Separation by splitting, involving division, migration, and 
rearrangement of cells. 

DENTAL PAPILLA. The mesodermal portion of a tooth primordium. 

DerMAtTOME. That portion of a somite which contributes to the dermis of the 
skin. 

DrrMocranium. That portion of the skull which does not pass through a 
cartilaginous stage in development. Syn., membranocranium. 

DeETERMINATE. A type of cleavage in which the blastomeres have not the 
potentiality of producing a complete embryo. Syn., mosaic type. 

DETERMINATION. (Hxp.) The mode of development in which an embryonic 
area will develop only in a particular way under any conditions in which 
development is possible. 

DevroriasM. Lifeless material in the egg cytoplasm used as food. 

Diacoen. The cavity of the diencephalon. Syn., third ventricle. 

DiestruM. The period intervening between estrus and the following proes- 
trum in polyestrous mammals. 

DIFFERENTIATION. The act of becoming different. The appearance of unlike 
parts and regions in the embryo. 

Dicamety. The condition of having two different kinds of sperm (or eggs) 
according to the number or kind of sex chromosomes represented. 

Dirtom. The number of chromosomes characteristic of somatic cells. Two 
complete haploid sets. 

DiscosiastuLa. A dise-shaped blastula characteristic of telolecithal eggs, e.g., 
the hen’s egg (Haeckel). 

Diverticutum. A blind outpouching from a tubular structure. 

Dominance. (Gen.) Mendel’s principle that, when two allelic genes are 
present in the same fertilized egg, the effects of but one of them will be 
evident. 

Dominant. (Gen.) A gene whose effects are apparent even in the presence 
of its allele. 

Ductus arteriosus. A persisting portion of the sixth aortic arch serving as a 
connection between the pulmonary artery and the dorsal aorta, character- 
istic of the mammalian fetus. 

Ducrus venosus. A vein running through the liver connecting the umbilical 
vein with the hepatic vein, characteristic of the mammalian fetus. 

Dyap. A chromosome composed of two chromatids. 


EctoperM. The outermost germ layer. Syn., epiblast. 

EctopERMALIZATION. (Ezp.) A modification of normal development by 
which a greater proportion of the embryo gives rise to ectoderm at the 
‘expense of the other germ layers. 
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Ecc ENvELoPE. Material enveloping the egg, but not part of the egg cell, e.g., 
vitelline membrane, albumen, etc. 

Ecc getty. The egg envelope secreted by the wall of the oviduct around the 
amphibian egg. 

Ecc toorn. A horny structure developed on the beak of the chick before 
hatching. 

EsacuLaTion. The emission of sperms from the body. . 

Empryo. Any stage in the development of the fertilized egg. Usually re- 
stricted to stages incapable of obtaining food from external sources. In 
human embryology restricted to the period between the second week and 
the second month. 

Empryonic pisc. The region of the mammalian embryo where the ectoderm 
and endoderm are in close contact, comparable to the area pellucida of the 
chick. 

EMBRYONIC KNOB. The inner cell mass of the mammalian blastocyst. 

EMBRYONIC SHIELD. That region of the blastoderm which will give rise to the 
body of the embryo in fish. 

EmpryorropH. The material obtained from breaking down maternal tissue 
by the mammalian embryo prior to the establishment of the placental 
circulation. 

ENAMEL ORGAN. The ectodermal portion of the tooth primordium. 

Enpocarpium. That part of the splanchnic mesoderm giving rise to the inner 
lining layer of the heart. 

EnpoperM. The innermost germ layer. Syn., entoderm, hypoblast. 

ENDODERMALIZATION. (Hzp.) A modification of normal development by 
which a greater proportion of the embryo gives rise to endoderm at the 
expense of the other germ layers. 

Enterocort. The mesodermal coelomic pouch characteristic of the am- 
phioxus. Syn., coelomic pouch, gut pouch. 

Enrypy. A type of gastrulation seen in rodents where the elongate embryonic 
knob is covered with endoderm which is, therefore, external to the ecto- 
derm of the amnion. 

EPARTERIAL BRONCHUS. An unpaired lung bud. 

Episoty. A mode of gastrulation characterized by the fact that the ectoderm 
grows out over the endoderm. 

EPIBRANCHIAL PLAcoDE. A placode formed in the region external to the gills 
which contributes to the formation of the lateral line organs and certain 
cranial nerves. Syn., suprabranchial placode. 

EpicarpiuM. That part of the splanchnic mesoderm forming the outer layer 
of the heart. 

EPICHORDAL BRAIN. That portion of the brain lying dorsal to the notochord. 
Syn., dentencephalon. 

Epipipymis. Part of the mesonephros persisting to carry sperms from the 
mammalian testis. 

Epicenesis. The theory that development proceeds from the simple to the 
complex, opposed to the theory of preformation. 
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Epmmere. That portion of the mesoderm lying adjacent to the notochord and 
from which the somites are formed. Syn., axial mesoderm. 

Eprmyocarpium. The epicardium and the mesoderm which will form the 
muscle cells of the heart wall. 

EPITHELIAL BoprEs. Structures arising from the endoderm of the visceral 
pouches, e.g., thymus, parathyroids. 

Eronycuium. That part of the skin overlying the nails during fetal life. 

EpodpHoron. A structure comparable to the epididymis characteristic of the 
female mammal. 

EQUATION DIVISION. (Cyt.) A meiotic division in which the chromatids com- 
posing the daughter chromosomes are identical. Contrast reduction 
division. 

EQUATORIAL PLATE. (Cyt.) The metaphase chromosomes as viewed at right 
angles to the axis of the spindle. 

Estrin. A hormone formed in the ovarian follicles. 

Estrovus cycie. A periodic series of changes in the mammalian uterus cul- 
minating in its preparation for the implantation of the fertilized egg. 

Esrrus. The period in which the uterus is prepared for implantation. 

Evocator. (Hxp.) An agent, not necessarily living, or part of the embryo, 
which calls forth a developmental reaction from a competent embryonic 
area. 

Exocort. A cavity produced by the separation of the somatic and splanchnic 
layers of mesoderm beyond the limits of the embryonic body. Syn., extra- 
embryonic coelom. 

Exoaastruta. (Hzp.) <A type of gastrula produced experimentally in which 
the mesendoderm is not enclosed by the ectoderm. 

EXPLANTATION. (Exp.) The development of part of an embryo removed into 
anutrient medium. Syn., in vitro culture. 

ExtTrRA-EMBRYONIC. Not a part of the embryonic body. 


FrrtTILizATION. The entrance of a sperm (or sperms) into an egg thereby in- 
ducing development. 

FERTILIZATION CONE. A mass of cytoplasm extending from the surface of the 
egg and engulfing the sperm. 

FERTILIZATION MEMBRANE. A membrane apparently lifted away from the 
surface of the egg when fertilization is complete. In some cases evidently 
the vitelline membrane. 

Ferritizin. A substance secreted by the mature egg before fertilization 
(Lillie). 

Ferus. A mammalian embryo which has attained the recognizable characters 
of the species. 

Frewp. (Ezp.) The complex of physicochemical agents determining the pat- 
tern of development in a given area of the embryo. 

Fietp pistricr. (E£zxp.) The region in which a field normally exercises its 
activities. 
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Fuexurs. Bending, eg., the cranial flexure, a characteristic bend of the brain 
over the tip of the notochord. 

Foruicte. A mass of cells forming an envelope; e.g., the one enclosing the 
ovarian egg. The vesicular (Graafian) follicle is characteristic of the 
mammalian egg before ovulation. 

FoRAMEN OVALE. An oval opening in the bony labyrinth of the ear. Syn., 
foramen vestibuli. 

Fore-BraIn. The more anterior of the three primary vesicles of the brain. 

Forr-aut. The more anterior portion of the digestive tube. 

Fovea. A small unpigmented spot on the surface of the frog’s egg under 
which the nucleus is located prior to fertilization. 

FREE-MarTIN. A sterile female developed along with a male twin with which 
it shares a common chorion, e.g., in cattle. 


GametEe. A mature germ cell, ovum, or sperm. 

GAMETOGENESIS. The development of the germ cells. 

GARTNER’S CANAL. Persistent remains of the mesonephric duct in female mam- 
mals. 

GastreA. A hypothetical extinct animal supposed to be the evolutionary stage 
comparable to the vertebrate gastrula (Haeckel). 

GastrocoEL. The cavity of the gastrula. Syn., archenteron. 

GASTRO-HEPATIC OMENTUM. Part of the ventral mesentery persisting as a 
connection between the stomach and liver. 

GasTRULA. A stage in embryology in which the germ layers are separated 
from each other. 

GASTRULATION. The process by which the pastruly is formed. 

Geng. (Gen.) A minute body, located in the chromonema, whose presence, 
absence, or modification induced definite effects in development. “The 
unit of heredity.” 

Genetics. The study of heredity. 

GENIC BALANCE. (Gen.) The theory that the development of the individual, 
particularly with respect to the determination of sex, is due to the relative 
proportion of the kinds of genes represented as well as to the different 
kinds of genes. 

GeniTaL. Having to do with reproduction. 

GENITAL RIDGE. An elevation along the mesial side of the mesonephros caused 
by the multiplication of the gonia. The primordium of the gonad. 

GENITAL TUBERCLE. A ridge at the base of the phallus, the primordium of the 
labioscrotal swellings in mammals. 

GenoryPe. Individuals with similar gene complexes. 

Germ. The beginning of a new individual. Often used for early stages in 
development, i.e., during cleavage. 

GERM cELL. Egg or sperm or any cell ancestral to these. 

GERM LayER. One of the layers of cells separated during gastrulation or later. 

GerM LINE. The genealogy of the germ cells during the development of an 
individual. Syn., germ track, Keimbahn. 
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GERM PLASM. The germ cells in the body of an individual taken collectively. 

GerM wALL. The advancing boundary of the blastoderm as it grows around 
the yolk. 

Gestation. The act of carrying the unborn young. 

Git pLatE. A thickening of the ectoderm in the embryo posterior to the sense 
plate in which the visceral grooves are formed. 

GLAND FieLp. An area of the fore-gut floor which takes part in the formation 
of the tongue. 

Goue Bopy. (Cyt.) A body of a material in the cytoplasm demonstrable 
with silver nitrate or osmium tetroxide; often associated with others in a 
network. Syn., dictyosome. 

Gonap. Ovary or testis. Syn., germ gland. 

Gone. One of the four cells arising from the two meiotic division (Sharp, 
1934). 

Gonrum. A germ cell in the gonad prior to the meiotic divisions. Odgonium 
or spermatogonium. 

Gonomery. A phenomenon visible in the egg fertilized by sperm of a different 
species when the two sets of chromosomes remain distinct during cleavage 
divisions. 

GRADIENT. (Hxp.) A gradual variation in a given direction; e.g., axial 
gradient, i.e., variation along the egg axis from animal pole to vegetal pole. 

Grarr. (Hxp.) A portion of one embryo transplanted to a different position 
in the same individual or in a different individual. Syn., transplant. 

GRAY CRESCENT. A crescentic area on the surface of the frog’s egg appearing 
after fertilization. It is in this area that the dorsal lip of the blastopore 
is formed. 

GYNANDROMORPH. An individual showing female characteristics in one part 
of the body and male characteristics in another. 

GYNOGENESIS. (Hzp.) The development of an egg which contains maternal 
chromosomes only, although development is initiated by the action of a 
sperm. 


Harrow. The number of chromosomes characteristic of the gamete in any 
particular species. Syn., monoploid. 

Heap rotp. In the amniota, a fold which marks the elevation of the head 
above the blastoderm or embryonic disc. 

HEAD FOLD OF THE AMNION. The fold of the amnion which envelops the head 
of the embryo. 

HeMIPLacentA. The chorion plus the yolk sac and/or the allantois which 
serves as an organ to supply nutrition to the uterine young of marsupials. 

Hemostast. The earliest stage in the development of a blood corpuscle. 

Hermapuropite. An individual possessing both ovary and testis. 

Hereropiastic. (Ezp.) A graft or transplant made from the body of one 
individual to that of another belonging to the same species (Diirken, 1932). 
Note: Some authors use this term to mean transplantation to a host of a 
different species. 
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Hererozycous. (Gen.) Possessing unlike genes at the same locus of homol- 
ogous chromosomes. Syn., hybrid. 

Hinp-prain. The more posterior of the three primary brain vesicles. 

Hinp-cut. The more posterior region of the digestive tube. 

Histocengsis. The development of tissues. 

Hoxostastic. A type of cleavage in which the entire egg is divided. 

Homotoay. A type of resemblance between structures based on structural 
rather than functional identities. A very common error is to assume that 
homology is based solely on developmental identities. 

Homopuiastic. (Ezp.) A graft or transplant made into the body of the same 
individual (Diirken, 1932). Syn., autoplastic. Note: Some authors use 
the term when the graft is made to a different individual of the same 
species. 

Homozycous. (Gen.) Possessing identical genes at the same locus of homolo- 
gous chromosomes. é 

Homuncutus. An imaginary miniature human adult supposed to exist in the 
egg or sperm according to the theory of preformation. 

HyatopLasm. (Cyt.) The ground substance of cytoplasm. 

Hypocuorp. A temporary mesodermal rod lying under the notochord of the 
amphibian embryo.’ Syn., subnotochordal rod. 

Hypomere. That portion of the mesoderm farthest removed from the noto- 
chord and giving rise to the coclom. Syn., lateral mesoderm. 

Hypopuysis. A solid or hollow structure arising from the stomodeum and 
attaching itself to the brain, where it gives rise to the anterior and inter- 
mediate parts of the pituitary gland. Syn., Rathke’s pouch. 


IprosoME. (C'yt.) The clear (chromophobic) area associated with the Golgi 
bodies, usually surrounding the centrosomes. Syn., idiozome. 

IMPLANTATION. (1) The act of the mammalian embryo establishing itself in 
or on the surface of the uterine wall. 

(2) (Exp.) The transplantation of a bit of tissue from one individual into 
a cavity in the body of another individual which serves as‘a nutrient 
chamber. Syn., interplantation. 

Incupation. The application of heat to the developing eggs, as in the brood- 
ing of the hen. 

InpecipuATE. A type of placentation in which there is no destruction of 
maternal tissue. 

INDETERMINATE. Cleavage in which the early blastomeres have each the poten- 
tiality of producing a complete embryo if artificially separated. Syn., 
regulation type. 

Inpuction. (Hxp.emb.) An effect produced on one part of the developing 
embryo by another, as demonstrated by transplantation. 

INruNDIBULUM. That part of the floor of the diencephalon to which the 


hypophysis attaches itself. It gives rise to the nervous part of the pitui- 
tary gland. 
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INTERMEDIATE MESODERM. That part of the mesoderm from which the gonad 
and kidney arise. Syn., mesomere. 

InterPHASE. The period in the life of the cell between mitotic divisions. 

INTERRENAL. An endocrine gland arising from intermediate mesoderm. Be- 
comes the cortex of the mammalian adrenal. 

INTERSEGMENTAL. Passing between somites. 

INTERSEX. (Gen.) An individual abnormal so far as its sexual character- 
istics are concerned. 

INTERSTITIAL CELL. A cell found in the interstices between the seminiferous 
tubules of the testis. Supposed to have endocrine properties. 

INTESTINAL Loop. A loop of the intestine extending into the umbilical cord in 
mammals. 

INTESTINAL PORTAL. The opening between the mid-gut and the fore-gut 
(anterior) or the mid-gut and the hind-gut (posterior). 

INVAGINATION. The movement of one surface into the interior of a cavity, as 
in the gastrulation of the coeloblastula. 

INVESTING BONES. Bones formed around and partially replacing others already 
in existence. 

InvoLution. The movement of cells into the interior along a definite line as in 
the gastrulation of the frog’s egg. 

IsotecirHaL. A type of egg characterized by an approximately equal distribu- 
tion of the yolk. Syn., homolecithal. 

IstHMus. A connection, as in the yolk isthmus connecting the yolk in the 
center of the hen’s egg to the nucleus of Pander. 


KaryYOKINEsIs. The phenomena displayed by the nucleus during mitosis. 
KaryotymMpH. The ground substance of the nucleus. Syn., nuclear sap. 
KaryoptasmM. The substance of the nucleus. Syn., nucleoplasm. 


LaBIO-SCROTAL SWELLINGS. The primordium of the labia majora (female) or 
part of the scrotum (male) in mammals. 

Lacuna. A gap, e.g., that portion of the gastrocoel roof devoid of endoderm 
during the early period of gastrulation in amphioxus and the frog. 

LAMINA TERMINALIS. A swelling on the floor of the embryonic brain marking 
the anterior end of the neural tube. 

Lanuco. The fetal hair of mammals. 

Larva. A stage in development in which the individual obtains its food from 
external sources, has an appearance markedly different from that of the 
adult, but has not attained the power of reproduction. 

Larepra. A central mass of white yolk in the yolk of the hen’s egg. 

LATERAL MESODERM. ‘That part of the mesoderm which forms the lining of the 
coelom (and exocoel). Syn., hypomere. 

Limirine suLcus. A groove undercutting the body of the embryo from the 
remainder of the blastoderm in telolecithal eggs. 
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Linkage. (Gen.) The continued association of two or more hereditary char- 
acteristics due to the fact that the genes concerned are located in the same 
chromosome. r 

Liquor. A fluid, eg., liquor folliculi—the fluid contents of the vesicular 
follicle of mammals. 


MacrotecirHaL. A type of egg containing a large amount of yolk. This type 
of egg is always telolecithal. Syn., megalecithal. 

Macromere. A large blastomere, usually yolk-laden. 

MARGIN OF OVERGROWTH. ‘The rim of the germ wall. 

MarcInaL BELT. A ring of blastomeres slightly above the equator of the 
amphibian blastula and intermediate in size between the micromeres and 
macromeres. Coincides with the area originally occupied by the gray 
crescent. 

MaruratTion. The act of becoming mature. Especially the period in which 
the meiotic divisions of the germ cells take place. 

Meatus vENosus. The channel formed by the confluence of the vitelline veins 
before entering the sinus venosus. 

Metosis. The process by which the number of chromosomes is reduced from 
diploid to haploid during maturation of the germ cells. 

Metanin. A black pigment formed in the cell. 

MenstruaTION. Hemorrhages characteristic of the primate estrous cycle. 

Merosiastic. A type of cleavage in which the egg is not completely 
divided. 

Merocony. The development of an enucleate egg when fertilized by a 
sperm. 

MESECTODERM. Term applied to the outer layer of a gastrula containing 
ectoderm, mesoderm, and notochord cells before these are separated from 
each other. Syn., “ primary ectoderm.” 

MESENCHYME. Loose aggregates of embryonic cells not organized in a layer, 
and densoid either from mesoderm, or, in some cases, the neural crest. 
MEsENDOpERM. Term applied to the inner layer of a gastrula containing 
endoderm, notochord, and mesoderm cells before these are segregated 

from each other. Syn., mesentoderm, “ primary endoderm.” 

MesocarpiuM. Part of the ventral mesentery persisting temporarily in the 
region of the heart. 

MesocogeL. Cavity of the mesencephalon. Syn., iter, aqueduct. 

MesoperM. The middle germ layer, exclusive of the notochord. Syn., meso- 
blast. 

Mesouepar. Part of the ventral mesentery persisting in the region of the 
liver, e.g., gastrohepatic omentum. 

Mrsomerg. (1) The intermediate region of the mesoderm. Syn., inter- 
mediate mesoderm. 

(2) Sometimes used for blastomeres intermediate in size between macromeres 
and micromeres, 
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MesonePHROS. Functional kidney of anamniota, an embryonic organ of 
amniota. 

MesorcHium. A double fold of the peritoneum supporting the testis. 

Mesovartum. A double fold of peritoneum supporting the ovary. 

Merasouic. Pertaining to metabolism, the chemical reactions taking place in 
protoplasm. 

METABOLIC CELL. (Cyt.) A cell that is not dividing. Syn., resting cell. 

MeraMorPHosis. A more or less sudden change in structure and form: 
(1) applied to the transformation of the larva into the adult; (2) applied to 
the transformation of the spermatid into the sperm, syn., spermioteleosis. 

MerANEPHROS. The functional kidney of the amniota. 

MerapHase. (Cyt.) That phase of mitosis in which the attachment points 
of the chromosomes occupy positions in a plane at right angles to the 
long axis of the spindle. 

Meraptasm. (Cyt.) The lifeless materials contained within the cytoplasm, 
e.g., yolk, pigment, etc. 

MerestruM. A period of the estrous cycle in which the destruction of tissue 
during the preceding period is repaired preparatory to the anestrum 
(Marshall). 

MicrotecirHaL. A type of egg containing a small amount of yolk. Syn., 
oligolecithal, meiolecithal. 

Micromere. A small blastomere, usually near the animal pole. 

Micropyte. An opening in the chorion (egg envelope) permitting the entrance 
of sperms. 

Min-sraIn. The middle vesicle of the three primary vesicles of the brain. 

Mim-cur. Middle region of digestive tube. 

Mr1xk prince. An elevation on the ventral surface of the mammalian embryo 
foreshadowing the mammary glands. 

Mirocuonpria. (Cyt.) Small bodies in the cytoplasm, demonstrable with 
such vital dyes as Janus Green B and Janus Red, and apparently having 
the power of independent growth and division. Syn., chondriosomes. 

Mirosts. That mode of cell division in which chromosomes appear and are 
divided longitudinally. Syn., indirect division. 

Morvta. A form of blastula in which no cavity exists. 

Mosaic. (Ezp.) A term applied to an egg or embryo in which the prospec- 
tive fate of the different regions is determined. 

Miuuerian puct. Oviduct. 

Mouration. (Gen.) A change in the composition or structure of a gene 
whereby it induces new characteristics in development. Syn., point varia- 
tion. See aberration. 

Myetocort. The cavity of the myelencephalon. Syn., fourth ventricle. 

Myocarptum. The muscular layer of the heart. 

Myocorn. A temporary cavity in a somite. 

Myorome. That part of a somite which contributes to the development of 
muscles. 
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Nronycutum. A horny pad filling the concavity of the claw in birds before 
hatching. 

Neoteny. The assumption, of sexual maturity in a larval stage, eg., the 
axolotl. Syn., paedogenesis. 

Nepuric. Having to do with the kidney. 

NeEpPHROCOEL. A cavity of the nephrotome. 

NEPHROGENOUS. Giving rise to kidney tissue. 

Nepuron. The functional unit of a kidney, consisting of a nephric tubule and 
its glomerulus. 

NepHROsToME. An opening from the coelom into the nephric tubule. 

NerHrotoms. A metameric portion of the intermediate mesoderm correspond- 
ing to a somite of the axial mesoderm. 

Nevurau. Having to do with the nervous system. 

Nevrat crest. A ridge of cells at the line of fusion of the neural folds forming 
a temporary connection between the neural tube and epidermis of the skin. 
Gives rise to the ganglia. 

NEURENTERIC CANAL. A connection between the neural tube and digestive tube 

formed by the closure of the blastopore. 

Nevrosuast. Early embryonic cells of the nervous system. 

NeurRocoEL. Cavity of the neural tube. 

NeurocraNium. That part of the cartilaginous cranium enclosing the brain 

and sense organs. 

NevuROMERE. A pseudometameric division of the neural tube. 

Nevropore. A terminal opening of the neural tube in early development. 

Nevuruta. An embryo at the time the neural plate is visible. 

Nevruation. A term applied to the period during which the neural tube is 

being formed. 

NoNn-DISJUNCTION. (Gen., Cyt.) A variety of chromosomal aberration. 
The failure of chromatids derived from the dissimilar members of a synap- 
tic pair to separate during the reduction (disjunction) division. 

NorocHorp. An axial rod derived from the middle germ layer, characteristic 
of all chordates in some stage of development. Syn., chorda dorsalis. 

Nuctier puLpost. The intervertebral discs which represent the remains of the 
notochord in higher vertebrates. 

Nucieotus. (Cyt.) A body in the nucleus. Syn., plasmasome. 

Nuctevs. That part of the cell containing the chromatin. 


OccuupE. To close, or fill, a cavity. 

Ouractory. Pertaining to the nose or sense of smell. Syn., nasal. 

Ontogeny. The life history of an individual organism. 

Odcytr. A female germ cell during the period of maturation. 

OdcenzsIs. The development of the germ cells of the female. 

Odconium. The female germ cell after the development of the ovary and 
prior to maturation. 

Oét1p. A generic term for the ovum and its polocytes. The cells produced 
by the meiotic divisions of the odcyte. 
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OPERCULAR APERTURE. Opening of the opercular (peribranchial) cavity on the 
left side of a tadpole. Syn., “ spiracle.” 

OpercuLum. A cover. Especially with reference to the covering of the inter- 
nal gills. 

Optic. Having to do with the eye or sense of sight. Syn., ophthalmic. 

Orat. Having to do with the mouth. 

OrGAN FIELD. (Hxp.emb.) The region in which a specific part of the embryo 
will be formed. 

ORGAN-FORMING AREAS. Regions of the embryo which in the course of normal 
development will give rise to the primordia of particular structures. 
ORGAN-FORMING SUBSTANCES. (Ezxp.) Substances formed in the egg and seg- 
regated into different blastomeres, resulting in a mosaic stage of develop- 

ment. 

Orcanizer. (Exp.) A region characterized by self-differentiation and ca- 
pable of inducing organization in neighboring regions, e.g., the dorsal lip 
of the blastopore in amphibia. Syn., organizator. 

OrGANOGENY. The development of the organs from their primordia. 

ORONASAL GROOVE. A groove connecting the mouth with the nasal pits. 

OssiricaTIoN. The process of bone formation. 

OsteosLast. A cell concerned in bone formation. 

Ostrum TuBAE. The opening of the oviduct. 

Otic. Pertaining to the ear or sense of hearing. Syn., auditory, acoustic. 

Orocyst. The cavity of theinnerear. Syn., otic (auditory) vesicle. 

Oviparous. A term applied to those animals in which the new individual 
leaves the body of the mother as an egg, i.e., enclosed in egg envelopes. 

OviposiTIon. The act of discharging the eggs from the body. See spawning, 
laying, etc. 

OvutaTIon. The discharge of the eggs from the ovary. 

Ovum. The mature egg. In a strict sense the female germ cell after the 
meiotic divisions and before fertilization. This stage does not exist in 
vertebrates as such because the sperm enters the egg before the completion 
of the second meiotic division. 


ParaBionts. (Hxp.) Embryos experimentally ,united side by side. 

Parapipymis. A group of mesonephric tubules forming a small body near the 
testis of the adult male mammal. 

Paranucieus. (Cyt.) A body found near the nucleus and composed of mito- 
chondrial material. Syn., nebenkern. 

Parapuysis. A dorsal evagination from the roof of the diencephalon anterior 
to the epiphysis. Primordium of the pineal eye of reptiles. 

ParreTaL RECESS. A passage connecting the pericardial cavity with the ab- 
dominal cavity in the mammalian embryo. 

ParodpHoron. A mass of tissue derived from a group of mesonephric tubules 
lying near the ovary and corresponding to the paradidymis of the male. 

PARTHENOGENESIS. A method of sexual reproduction in which the egg develops 
without fertilization by a sperm. 
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Parturition. The act of giving birth. 

PENETRATION PATH. The path followed by the sperm immediately following 
its entrance into the egg. 

Perreiasr. That part of the blastoderm in which the cells are not completely 
separated by a plasma membrane. In early cleavage there is both a mar- 
ginal ring and a lower layer of periblast, the latter of which soon disappears. 

Puatius. An elevation on the posterior ventral surface of the mammalian 
embryo which is the primordium of the penis (male) or labia minora 
(female). 

PHeENotyre. A group of individuals possessing similar hereditary characteris- 
tics. Cf. genotype. 

Pracenta. An extra-embryonic structure of mammals serving as an organ of 
interchange between fetus and mother. 

Piacopg. An ectodermal plate-like thickening. 

PLASMA MEMBRANE. (Cyt.) The outer membrane of the cytosome. 

PLASMATROPHODERM. Outer syncytial layer of the trophoderm after implan- 
tation. Syn., syncytiotrophoderm. 

Puasticiry. (Ezp.) The ability to develop into parts of the body other 
than those formed in normal development. _ 

Piastip. (Cyt.) <A body in the cytoplasm of plant cells having the power of 
independent growth and division. 

Pouar. Pertaining to the animal pole of the egg. 

PoLar FuRROW. A groove at the animal pole of the egg resulting from the 
rounding up of the blastomeres at the four-cell stage. 

Potarity. The possession of unlike poles. 

Pote. One extreme of an axial gradient in the egg. Especially the animal pole. 

Potocytg. One of the small cells formed during the maturation of the egg, 
usually at the animal pole. Syn., polar body. 

PoLygestrous. Mammals with several estrous cycles in one year. 

PoLYINVAGINATION. Method of segregating endoderm in the hen’s egg ac- 
cording to Pasteels. Individual endoderm cells migrate beneath the sur- 
face of the blastodisc and spread out to form lower layer. 

PoLysPERMY. ‘The entrance of several sperms into the egg, as in the hen’s 
egg. 

Post-ANAL Gur. The digestive tube posterior to the point where the procto- 
deum joins the gut. Syn., post-cloacal gut. 

PosTERIOR TUBERCLE. A swelling on the ventral surface of the brain floor, 
located at the anterior end of the notochord and marking the line of sep- 
aration between the prosencephalon and mesencephalon. Syn., tuberculum 
posterius. 

PosTNUCLEAR cuP. A cup-shaped structure covering the posterior surface of 
the nucleus in the head of the mammalian sperm. 

PRECHORDAL BRAIN. That part of the brain antenor to the anterior end of 
the notochord. Syn., archencephalon. 

PRECHORDAL PLATE. A small area of endoderm invaginated before the noto- 
chord and hence lying in front of it after gastrulation. 


GLOSSARY 347 


PREFORMATION. The theory that the several parts of the adult are performed 
in the egg (or sperm). Cf. epigenesis. 

Pre-oraL Gut. The digestive tube anterior to the point where the stomodeum 
joins the gut. Syn., Seessel’s pouch. 

PRIMITIVE STREAK. An axial area of the blastoderm or embryonic dise where 
ectoderm and endoderm are in close contact and from which the notochord 
and mesoderm originate. Homologous with the blastopore of anamniota. 

PRIMORDIAL GERM CELLS. The first stage at which the germ cells are completely 
set apart from the soma cells. The stage in which the germ cells are first 
recognizable in vertebrate embryology. 

Primorpium. The first distinguishable stage in the development of a new 
structure. Syn., anlage. 

PROAMNION. The region just anterior to the head fold of the chick embryo, 
contaiming no mesoderm. The head fold of the amnion develops in this 
region. 

ProcropruM. An invagination on the ventral surface of the embryo just an- 
terior to the tail which will unite with the hind-gut to form the cloaca. 

ProrstruM. ‘The stage in the estrous cycle just prior to estrus. 

Progestin. A hormone formed by the corpus luteum in all vertebrates with 
a placenta. 

ProNEPHROS. The first kidney formed by the embryo. Functional only in 
the larvae of anamniota. 

Pronucteus. The haploid nucleus of the egg or sperm as found in the fer- 
tilized egg prior to the first cleavage division. 

PropHase. (Cyt.) The phase of mitosis in which the chromosomes become 
apparent. 

ProsocoeL. The cavities of the prosencephalon. Syn., lateral ventricle. 

ProroptasM. The material of which living things are formed. Sometimes 
contrasted with metaplasm. 


Ramus. A branch, e.g., of a spinal nerve. 

Ravser’s CELLS. The remains of the trophoblast at the point where it joins 
the embryonic knob. 

RECAPITULATION. The theory that the stages of embryology recapitulate 
stages in the evolution of the systematic group to which the individual 
belongs. 

Recessive. (Gen.) A gene whose effects are not apparent in the presence 
of its allelomorph. 

REDUCTION DIVISION. (Cyt.) The meiotic division in which the unlike chro- 
matids of the tetrad are separated from each other. Syn., disjunction 
division. 

RecuLaTion EGG. (Exrp.) A type of egg with cleavage in which each of the 
early blastomeres has the capacity of developing a complete embryo when 
separated. 

Resors. To re-ahsorb, or remove by phagocytosis. 

Rericutum. A network. (Cyt.) The chromatin network of the nucleus. 
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RHOMBOIDAL sINUS. The region contained within the widely open neural 
folds in the posterior region of the early chick embryo. Sym., sinus rhom- 
boidialis. / 


Saccute. That portion of the inner ear which gives rise to the cochlea. 
Syn., sacculus. 

Scterotome. That part of a mesodermal somite which contributes to the for- 
mation of the skeleton. 

SECRETORY TUBULE. The part of the nephric tubule actually concerned in re- 
moving wastes from the blood. 

Sense pLate. A thickening of the ectoderm from which the primordia of the 
nose, lens, and inner ear originate. 

Serrum. A partition wall, e.g., septum transversum, a wall of mesoderm sep- 
arating parts of the coelom. 

SINUS TERMINALIS. The circular blood vessels marking the limit of the area 
vasculosa of the yolk sac. 

Situs inversus. A reversal of left-right symmetry. 

SoLe ptate. A mass of the stratum corneum lying beneath the nail. 

Somatic. (1) Pertaining to the body; contrast germinal. 

(2) Pertaining to the body wall; contrast splanchnic. 

SoMATIC MESODERM. The outer layer of lateral mesoderm. 

SomarTopteuRE. The somatic mesoderm plus the ectoderm immediately ad- 
jacent to it. 

Somite. A metameric division of the axial mesoderm. 

Spawnine. The act of discharging the eggs of anamniota. 

Sperm. The mature male germ cell. Syn., spermatozoon. 

SperMatip. The male germ cell after the completion of the meiotic divisions 
but before metamorphosis. 

SpermMatocyts. The male germ cell during the meiotic divisions. 

SPERMATOGENESIS. The development of the male germ cells. 

SPERMATOGONIUM. The male germ cell in the testis before the meiotic 
divisions. 

SPINA BIFIDA. An abnormality in development in which the vertebral column 
is cleft at its posterior end. 

Sprnpte. A mass of material in the form of a double cone lying between the 
centrosomes during mitosis, and involved in the mechanism of separating 
the chromatids. 

SPLANCHNIC. Pertaining to the viscera. Contrast somatic (2). 

SPLANCHNIC MESODERM. The inner layer of lateral mesoderm. 

SPLANCHNOcRANIUM. That part of the cartilaginous skull derived from the 
visceral arches. 

SPLANCHNOPLEURE. The splanchnic mesoderm plus the endoderm imme- 
diately adjacent to it. 

Sponaiosiast. An epithelial cell of the neural tube which will give rise to 


supporting elements of the nervous system. ‘ 
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SreM ceLt. A blastomere which divides into a soma cell and another stem cell. 
Eventually one of the stem cells divides to form two primordial germ 
cells. 

Stomopeum. An ectodermal invagination on the ventral surface of the head 
which unites with the fore-gut to form the mouth. 

Srroma. Connective tissue or supporting framework of an organ. 

SUBSTITUTION BONES. Derm bones which replace cartilage bones. 

Sucker. Adhesive gland characteristic of anuran larvae when first hatched. 
Syn., cement organ, oral gland. 

SuprareNAL. A gland formed from ganglion cells which becomes the medulla 
of the mammalian adrenal. 

SUSTENTACULAR CELL. A nourishing cell, e.g., follicle cell of ovary or Sertoli 
cell of testis. 

Synapsis. (Cyt.) The union of the paternal and maternal homologous 
chromosomes in the prophase of the first meiotic division. Syn., “ pseudo- 
reduction.” 

Syncytium. A multinucleate mass of protoplasm (Haeckel). 

Syncamy. The union of two gametes. Syn., fertilization, zygotogenesis. 


TeLopionts. (Ezxp.) Amphibian embryos experimentally fused head to tail. 

TELOLECITHAL. Type of egg in which the yolk is accumulated in the vegetal 
hemisphere. 

TELOPHASE. (Cyt.) The concluding phase of mitosis, in which the daughter 
chromosomes return to the reticular condition and the cytosome is divided. 

TeraToLocy. The study of abnormalities in development. 

Terrap. (Cyt.) A compound chromosome composed of four chromatids 
arising by the splitting of the two synaptic mates in the prophase of the 
first meiotic division. 

TuHIcMoraxis. Movement in response to a tactile stimulus. 

THYROGLOSSAL Duct. A temporary connection between the thyroid gland 
and the pharynx near the base of the tongue. 

Torsion. The twisting of the chick embryo so that it lies on its left side. 

TRACHEAL GROOVE. A depression on the floor of the pharynx which is the 
primordium of the trachea and lungs. 

TRANSPLANTATION. (Exp.) The grafting of part of an embryo into the body 
of another. 

TropHosiast. The outer layer of the mammalian blastocyst. It gives rise 
to the chorion. 

TUBERCULUM PosteRIUS. A projection on the floor of the brain marking the 
posterior boundary of the diencephalon. 


Umptnicat. Having to do with the navel. Hence used in reference to the 
cord connecting the fetus with the placenta and any structures contained 
in the cord. 

Unauis. A claw. 
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Uracuus. The canal connecting the allantois and urinary bladder in mam- 
malian embryos. 

Urocenitau. Pertaining to both excretory and reproductive functions. Syn, 
urino-genital. 

Urrictz. A bladder-like structure, e.g., utricle of the ear; prostatic utricle. 
Syn., utriculus. 


VEGETAL (POLE OR HEMISPHERE). At the extremity of the polar axis opposite 
the animal pole. Syn., vegetative, abapical, antipolar. 

Vewar Plate. An extension of the pharyngeal floor extending over the vis- 
ceral clefts and aiding in retaining solid particles while permitting the free 
passage of water. 

Vittus. A projection; e.g., chorionic villi. 

VISCERAL. Pertaining to the viscera. 

VISCERAL CLEFTS. Openings connecting the pharynx with the exterior. Syn., 
pharyngeal, branchial (in part), gill clefts. 

VISCERAL GROOVES. LEctodermal furrows which contribute to the formance of 
the visceral clefts if completed. 

VISCERAL POUCHES. Endodermal pockets which contribute to the formation of 
the visceral clefts if completed. 

VITELLINE. Pertaining to the yolk; e.g., vitelline vein carrying blood from the 
area vasculosa of the yolk sac. 

Viviparous. A term applied to those animals which bring forth the young in 
an advanced stage of development. 


WoLFFIAN Bopy. Term applied to mesonephros. 
WOLFFIAN Duct. Term applied to mesonephric duct. 


X-CHROMOSOME. (Cyt.) One of the paired sex chromosomes in most ver- 
tebrates. . 

XENOPLASTIC. (Hzp.) A form of transplantation in which the host belongs 
to a different species (Diirken, 1932). 


Y-cHRomMosoME. (Cyt.) A chromosome pairing with the X-chromosome in 
the male of most vertebrates. 

York. A form of metaplasm found in the egg and used for food by the early 
embryo. Syn., deutoplasm. 

YOLK NUCLEUS COMPLEX. (Cyt.) The idiosome and associated mitochondria 
in the odcyte. 

Youk pLua. A mass of large yolk-laden cells protruding through the blastopore 
of the amphibian egg. 

YoLK sac, An extra-embryonic sac of splanchnopleure surrounding the yolk. 

Youk sac pLaceNTA. A form of hemiplacenta in which the blood vessels are 
derived from the area vasculosa of the yolk sac. 

YouK sac uMBILIcus. The region where the yolk which is not surrounded by 
the yolk sac until the development of the albumen sac. 


GLOSSARY 351 


ZONA PELLUCIDA. A thick capsule with radial striations enclosing the human 
ovum. There is some uncertainty as to whether it is formed by the egg 
or by follicle cells. 

ZONE oF JUNCTION. The region of the germ wall of the chick blastoderm im- 
mediately internal to the margin of overgrowth. Here the cells are not 
sharply separated from the underlying yolk. 

Zycote. The cell formed by the union of two gametes. Syn., fertilized egg. 
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Abapical, see Vegetal 
Abbé, 321 
Abdominal cavity, *158 
Abducens nerve, *226, 227 
Aberration, see Chromosomal aber- 
ration 
Accessory nerve, see Spinal accessory 
Acoustic, see also Auditory, Otic 
ganglion, 240, *300 
nerve, *226, 228, 241, *282 
Acousticofacial ganglion, 228, 232, 234 
Acrosome, 26, *27, 47 
bead, *41 
Adamstone, 28, 269 
Adnexa, see Extra-embryonic structures 
Adrenal gland, *168, 171, *172, *174, 177, 
179, 267 
Adrenalin, see Epinephrin 
Afferent branchial artery, *151, *192, 
*277 
neuron, *218 
Affixing sections, 316 
After-birth, 134 
Agglutination, 46 
Air chamber, *123 © 
sac, 154 
Alar plate, 219, *220 
Albumen, *32, *33, *123 
sac, *123, 126 
Alimentary canal, see Digestive tube 
Allantoic artery, *186, 187 
blood vessels, 125 
placenta, 129 
stalk, *120, *140, *148 
vein, *188, *297 
Allantois, *122, 125, 129, 142, 165, *166 


in chick, 18, *123, *126, *145, 147, 
*295, *297 
in man, 20, *100, *120, 127, *133, *134, 
*135, *166, *179 
in pig, *130, *305 
Allele, 65, 68 
Ambystoma, 225 
Amitosis, 53 
Amniocardiac vesicle, 122, 159, *285, 
*287 
Amnion, *98, *120, *122, *123 
in chick, 17, 122, *123, *126, 146, 
#291 ff 
in man, 20, *98, *100, 124, *133, *135 
in marsupials, 129 
in rat, *121 
Amniotic cavity, *98, 99 
fluid, 121 
folds, 101, *102, 124, *125 
raphe, 121, 122, 124, *294, *297 
Amphioxus, life history, 8, *10 
Amplexus, 50 
Ampulla, 241 
Anaphase, *54, *58, *59 
Androgenesis, 248 
Anestrum, 128 
Animal pole, 30 
Anomaly, 265 
Anterior cardinal vein, 184, *189, *278 
in chick, *194, *293, *296 
in pig, *301, *802, *307 
caval vein, see Precaval vein 
chamber (of eye), *239, *240 
intestinal portal, 109, 110, *285, *288 
limb bud, *294, *298, *302, *303 
mesenteric artery, *299 
neuropore, *285, *288 
vena cava, see Precaval vein 


353 


354 


Antipole, see Vegetal pole 
Anus, 137, 149 
Aortic arch, 112, 115, 150, *183, 184, *187 
in chick, *194, *295, *296, *299 
in frog, *192, *279 
in man, *196 
in pig, 301, 307 
roots, *186, *283 
Apical pole, see Animal 
Appendages (of body), 103 
Appendicular muscles, *209, 211 
skeleton, *205 
Appendix testis, *169, 170, 178 
Aqueduct, see Mesocoel and Iter 
Aqueous humor (of eye), 239 
Archencephalon, see Prechordal brain 
Archenteron, see Gastrocoel 
Archipallium, see Olfactory lobe 
Arcualia, *200 
Area opaca, 84, *108 
pellucida, 84, *108, *285 
vasculosa, *108, 119, *126, *285 
vitellina, *108, 119 
Aristotle, 1 
Arteries, 185, *186, *192, *194, *197 
Articular bone, 204 
Artificial parthenogenesis, 48, 248 
Arytenoid cartilage, 154 
Ascaris, 36 
Aster, *54, 55 
Astylosternus, 150 
Asymmetry, 251 
Atriopore, see 
spiracle 
Atrium, 185 
in chick, *193, *291 ff 
in frog, *191, *277, *282 
in man, 195, *196 
in pig, *299 ff 
Attachment-region (of chromosome), 
*54, 55; see also Centromere 
Attraction (of sperm), 45 
Auditory, see also Acoustic, otic 
ossicles, 241, *244, *246 
tube, *237, *240, 241, *244, *246 
Auricle, see Atrium 
Autonomic, see Sympathetic 
Autoplastic, see Homoplastic 
Autosome, 62 
Auxocyte, see Cyte 


Opercular aperture, 
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Axial filament, 26, *27, 41 
gradient, 251 
mesoderm, *155, *287 
muscles, 210 
skeleton, 200 

Axon, 219 

Azygous vein, *197, 198 


B 


Balfour, 73, 79 
Basalia, 205 
Basal plate, 219, *220 
Basilar artery, *186, 187, *300, *307 

plate, 202 
Beak, 144 
Bellamy, 251 
Bidder’s organ, 174 
Bijtel, 116 
Bilaterality, 251 
Bile canaliculi, 141 
Biogenetic law, see 

theory 

Bipolar neurons, 219 
Bisexual reproduction, 23 
Bladder muscles, 212 
Blastocoel, *76, 83, 86 

jelly, 78 
Blastocyst, 18, *76, 77, *85, 127 
Blastodisc, 81 
Blastomere, 72 
Blastopore, 86 
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‘Blastula, 72, *76 


in amphioxus, 9, *79 
in chick, 15, *84 
in frog, 12, *81 
in man, 18 
Blood corpuscles, 181, *182 
-forming centers, 182 
island, *184, *287, *293 
plasma, 181 
vessels, 184 ff 
Body plan, 102 
stalk, *120, 127, *298, *299, *304 
Bombinator, 89 
Bone, 199 
marrow, 184 
Bony labyrinth (ear), 241 
Borax carmine, 311 
Born, 251 
Bouin’s fluid, 309 
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Bounoure, 39 
Boyden, 154 
Brachet, 3 
Brachial plexus, 219 
Brain, *220, *221, 234, 285, 287 
Branchiae, see External gills 
Branchial, see also Visceral 
arches, 115, 203 
artery, see Afferent and Efferent 
branchial aa 
Branchiomeric muscles, *210, 224, 229 
Branchiostoma, see Amphioxus 
Bremer, 127 
Bridges, 65, 70 
Bronchi, *140, 153; see also Eparterial 
and Lung bud 
Bulbus arteriosus, 185, *194, *291, *293, 
*296, *302 


Cc 


Calcium-free seawater, 252 
Camera lucida, 321, *322 
Canada balsam, 312 
Capillaries, 181 
Cardiac plexus, *230 
Cardinal veins, 163, *183, 188, *189, 
*277; see also Anterior, Pos- 
terior, and Common cardinal 
vv 
Carothers, 55 
Carotid arch, 186, *187 
artery, *183; see also External and 
Internal carotid aa 
gland, *140, 143 
Carpal bones, *205 
Cartilage, 199 
bones, 199 
Caudal artery, *183, *184, *306 
bud, 103; see also Tail bud 
Caul, 134 
Caval veins, 188, *189, *197; see also 
Precaval and Postcaval vv 
Cavitation, 124 
Cecum, 149 
Cell, 23, *24 
division, 53, *54 
lineage, 3, 73, *74, 252 
vacuoles, *24 
wall, 23, *24, 26 
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Celloidin, 313 
Cellular embryology, 3 
Centers (brain), 222 
Central canal, 219 
nervous. system, 217, 231, *233, 234 
Centrifuge, 263, 264 
Centriole, see Centrosome 
Centromere, 55; see also Attachment 
point 
Centrosome, 23, *24, 25, 26, *27, 30, 
*39, *40, #41, 47, *54, 55 
Cephalic flexure, 122 
Cerebellum, *221, 222, 231, *232, 233 
Cerebral hemisphere, *221, 223, 231, 
*232, 233, 234 
peduncle, 222 
vesicle, 234 
Cerebrospinal canal, 217 
ganglia, 217, *218 
Cervical flexure, 145, *221, 231, 233, 234 
Chain ganglia, 229, *230 
Chalazae, *32, 33 
Chemical embryology, 5 
Chemicals affecting development, 265 
Chemotaxis, 45 
Chen, 211 
Chick, life history, 15, *16 
15 hours, *96 
20 hours, *97 
24 hours, *96, *108, *285 
33 hours, *288 
48 hours, *291 
72 hours, *294 
Child, 30, 251 
Chimera, 70 
Choanae, *237 
Chondrification, 199 
Chondriosomes, see Mitochondria 
Chondroblasts, 199 
Chondrocranium, *202 
Chorda dorsalis, see Notochord 
Chorda-mesoderm, 72, 86, 217, 259, 261, 
*262 
Chorda-neural crescent, 103 
plate, *79, *88 
Chorio-allantoic placenta, 129 
Chorio-allantois, *123, 126, 261 
Chorion, 121 ff 
frondosum, *120 
laeve, *120 
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Chorion, of amniota, 121, *122, 129 
of anamniota, *31 
of chick, 17, 122, *123, *292 ff 
of man, 124 < 
Choroid fissure, 238, 246, *294 
layer (of eye), 239, *240 
plexus (of brain), 222, 231 
Chromafiin cells, 256 
Chromatids, 57 
Chromatin, 23, *24 
diminution, 38 
knot, *24 
Chromatophores, 215, 216 
Chromidia, 25 
Chromonemata, 53 
Chromosomal aberrations, 67, *68 
Chromosome maps, 65, *66 
Chromosomes, 8, 58, 56, 61, *66, *67 
of amphioxus, 64 
of chick, *64 
of frog, *64 
of man, *64 
Cilia, 87, 105 
Ciliary ganglion, *230 
Clarite, 312 
Clavicle, *205 
Claw, *214, 216 
plate, 216 
sole, 216 
Cleavage, 72, *73 
of amphioxus, 9, 77, *73 
of chick, 15, 81, *83 
of Drosophila, *67 
of frog, 12, 79, *80 
of man, 18, 84 
of monkey, *85 
of rabbit, *85 
Cleidoic egg, 22, 35, 125 
Clitoris, 171 
Cloaca, 188, 142, 161, 165 
of chick, *145, 146, *175, *295 
of frog, *143, *270, *271, *275, *280 
. of man, *148, 149, *179 
of pig, *140, *299 
Cloacal aperture, 107 
membrane, *179 
plate, 187, 146 
tubercle, *177 
Closing plate, 142 
Cochlea, *240, 241, 245, *246 
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‘Coprodeum (of chick), 147 


Cochlear nerve, 228, 241 
Coeliac artery, 188 
plexus, *230 
Coeloblastula, *76, 86 
Coelom, *155 
of chick, 159, *290, *291, *293, *294, 
*297 
of frog, 158, *278 
of man, 160 
of pig, *3803, *806 
Coghill, 225 
Collecting duct, 163 
tubules, 164, *165 
Colliculi, see Corpora quadrigemina 
Colon, 141 
Columella (of ear), 203, 241, *244, 245 
Common bile duct, 141, *148, 146, 148; 
see also Ductus choledochus 
cardinal vein, 184, *189 
of chick, *194, *293, *296 
of frog, *192, 198, *277 
of man, *196, *197, 198 
of pig, *302 
Communicating ramus, *225 
Comparative embryology, 3, 7 
Competence, 263 
Concrescence, 87, 94, *95 
Conjunctiva (of eye), 239 
Conklin, 31, 47, 49, 74, 77, 78, 87, 252 
Connective tissue, 199 
Convergence, 90 


Copulation path, *46, 47 
Coracoid bone, *205 
Corium, see Dermis 
Cornea (of eye), 239, *240 
Corneum (of skin), 213 
Cornua, 202 
Corona radiata, *32, *34, 169 ‘ 
Coronary sinus, 198 
Corpora bigemina, 222, 233 

quadrigemina, *221, 222, 234 
Corpus albicans, 128 

luteum, 128, 169 

striatum, 223 
Cortex, 223 

(egg), 250 
Cortical cells, see Interrenal 
Cortin, 172 
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Cranial, see also Cerebral 
flexure, *221, 238, 234 
nerves, 202, 225, *226, *232, 234, *235 
skeleton, see Skull 
Crop (of chick), 145 
Crossing over (between chromosomes), 
65, *68 
Cumulus odphorus, *168, 169 
Cutaneous artery, 193 
Cutts, see Dermis 
Cynthia, see Styela 
Cytes, *40; see also Odcyte, Spermato- 
cyte 
Cytokinesis, 
Cytology, 3 
Cytoplasm, 23, 30 
Cytosome, 23, 25, 56 
Cytotrophoderm, 124 


3, *54, 55 


D 
Daleq and Gerard, 93 
Dareste, 264 
de Beer, 5 


Decidua basalis, 133, *134, *135 
capsularis, *134, *135 
placenta, *130, *131, *132 
vesa, *134, *135 
Deciduae, 1338, *134, *135 
Defect experiments, 258 
Deferent duct, 178 
Delamination, 89, 98 
Demibranch, 151, 186; see also Internal 
gill 
Dendrites, 219 
Dental papilla, 138, *139 
Dentaliwm, 252, *253 
Dentary bone, 205 
Dependent differentiation, *259, *260 
Derm bone, see Membrane bone 
Dermal muscles, 209 
skeleton, 200 
Dermatome, *209, 213, *297 
Dermis, 213, 215 
Dermocranium, *203, *204 
Descending aorta, see Dorsal aorta 
Descriptive terms, 8 
Determinate cleavage, 252, *253 
Deutencephalon, see Epichordal brain 
-Deutoplasm, 26; see also Yolk 
Diacoel, 223 


co 
cr 
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Diaphragm, 158, 210 
Dictyosomes, see Golgi bodies 
Didelphys, 129 
Diencephalon, *220, 222 
of chick, *233, *293, *294, *296 
of frog, 281, *282, *276, *277, *282, 
*284 
of man, *221, 234 
of pig, *298, *299, *391 
Diestrum, 128 
Differentiation, 253 
fate, 260 
potency, 260 
Diffuse nucleus, 25 
Digestive system, frog, 142, *143 
chick, 144, *148 
man, 147, *148 
tube, *102 
Diploid number (of chromosomes), 60 
Dipnoi, 152 
Discoblastula, *76, 77, 83, 86 
Discoglossus, 89 
Disjunction (division), 57; see also Re- 
duction 
Divergence, 90, 91 
Donor, 257 
Dorsal aorta, 162, 163, *183, *186 
of chick, *194, *290—*297 
of frog, *192, *278, *281 
of man, *196 
of pig, *298—*307 
‘lip, see Blastopore 
mesentery, 156, *157, *297 
mesocardium, *290, *293 
pancreas, *299 
ramas, *220, *225, *301 
root, *220, *225, *301 
thickening, *271 
Double embedding, 313 
embryos, 255, *256 
Drosophila, 65 
Ductus arteriosus, *186 
Botalli, see Ductus arteriosus 
choledochus, see Common bile duct 
Cuviert, see Common cardinal vein 
deferens, *169, 170 
venosus, *299, *303, *307 
Duodenum, *143, 148, *297, *299 
Duplicate monsters, 256, 263 
Duplication (of chromosomes), 248 
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Dura mater, 219 
Dyads, 57, *58, *59 


E 
Ear, *240 
of chick, 245 
of frog, 248, *244, *280 
of man, *246 
of pig, *298 
Ectoblast, see Ectoderm 
Ectoderm, 72, 86, *286, *287 
Eectodermalization, 250 
Ectomesoderm, 87 
Edwards, 264 
Effectors, 217 
Efferent branchial artery, *151, *192, 
*277 
ductules (of testis), 167 
Egg, 29 
albumen, 31 
solution, 317 
and environment, 34 
capsules, 31 
envelopes, 31 
jelly, *32 
nucleus, *29 
of amphioxus, *32 
of chick, *32, *83 
of frog, *32 
of man, *32, 34 
Egg of Myzine, *81 
shell, 31 
tooth, 144, 216 
Ejaculation, 43, 44 
Embedding, 313 
Embryo as a whole, 6 
Embryologists, 1 
Embryology, 1 
Embryonic areas, *108 
circulation, *183, *196 
disc, 99, 110, 124 
form, 111, 116, *117, 118 
mass, 77 
period, 118 
Mnamel organ, 188, *139, 144 
Endocardium, 184, *287, *290 
Endocrine glands, 267 
Endoderm, 72, 86, *286, *287 
Endodermal lacuna, 93, *106 
Endodermalization, 250 
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Endolymph, 241 
Endolymphatic duct, *240, 241, 243, 
245, 246, *277 
Endomesoderm, 87 
Endpiece (sperm), 26, *27 
Enteric tube, see Digestive tube 
Enterocoel, 102, *104, 105 
Entoblast, see Endoderm 
Entoderm, see Endoderm 
Entypy, *121 
Environment in embryology, 263 
Eosin, 318 
Eparterial bronchus, *140, *302 
Ependyma, 218, *220 
Epiblast, see Ectoderm 
Epiboly, 90 : 
Epibranchial placodes, 227, 228, 242, 245 
Epicardium, 184 
Epichordal brain, 202, *220 
Epidermal layer, *106, 107 
cilia, 215 
Epidermis, 213, *287, *290, *294, *296 
Epididymis, *169, 170, 178 
Epigastric artery, *186 
Epigenesis, 1 
Epiglottis, 154 
Epimere, *155 
Epimyocardium, *287, *290 
Epinephrin, 172 
Epiphysis, 223 
of chick, *233, *294, *295 
of frog, *231, *232, *270, *276, *281 
of man, 234 
Epithalamus, 223 
Epithelial bodies, 139, *140 
Eponychium, 216 
Epoodphoron, *169, 178 
Equation division (of chromosomes), 
57 
Erythrocytes, *182 
Esophagus, 139 
of chick, *145, *296 
of frog, *143, *283 
of man, *148 
of pig, *140, *298, *299, *302, *303 
Estrin, 128 
Estrous cycle, 127 
Estrus, 128 
Ethmoid bones, *203, *204 
plate, 202 
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Eustachian tube, see Auditory tube 
£vagination, 8 
Evocation, 262 
Excretory organs, *161 
Exocoel, 119, 121, *122, *123, *133, 
155, *287, *294 
Exoembryo, 267 
Exogastrula, 266 
Experimental embryology, 4, 247 
Explantation, 257, *258 
External auditory meatus, 
*246 
carotid artery, *186, *194; see also 
Carotid aa 
genitalia, *171 
pills, 115, 150, *151, 153, 186, *275, 
*277, *279; see also Demi- 
branch 
External nares, 237, 245, *284 
Extra-embryonic coelom, see Exocoel 
structures, 111 
Extra-uterine development, 21 
Bye, *28, 242, *243, 245, 246, *280, *298 
Eyeball, 239, *240 
muscles, 210, 227, 239, *240 


242, 245, 


F 


F.A.A. fixing fluid, 310 
Facial muscles, 211, 228 
nerve, *226, *228, 242 
Falciform ligament, *157, 159 
False amnion, see Chorion (of amni- 
ota) 
Feathers, 213, *214, 216 
Female digamety, 64 
Female hormones, 169, 268 
Femur, *205 
Fenestra ovale, 241 
rotunda, 241 
Fertilization, 48, 45, *46 
cone, *46 
membrane, *32, 46 
of amphioxus egg, 9, 49 
of frog’s egg, 12, 50 
of hen’s egg, 15, 51 
of human egg, 18, 19, 51 
Fertilizin, 46 
Fetus, 21, 118 
Fibula, *205 
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Field, 251 
district, 251 
First meiotic division, 57, *58 *59 
Fixing fluid, 308 
Flexure, 116, 118 
Floor plate (brain), 219, *220 
Follicle (of ovary), 43, *44, 169 
Follicle-stimulating hormone, 128, 267 
Foods affecting development, 267 
Foramen cecum, 147 
Fore-brain, see Prosencephalon 
Fore-gut, *102, 109, 110, *137, 138 
of chick, 145, *286, *287, *289, *290, 
*293 
of frog, 142, *270, *271, *275 
of man, 147 
Formative cells, 98 
Fraternal twins, 256 
Free appendages, *205 
Free-martin, 268 
Free nerve terminations, 236 
Frog, 3-mm., *270 ff 
6-mm., *275 ff 
11-mm., *280 ff 
Frontal bone, *203, *204 
sinus, *237 
Fuchsin, 319 
Fundulus, 75 


G 
Gall bladder, 141 
of chick, *145 
of frog, *283 
of man, 148 
of pig, *140, *304 
Gametes, 23 
Gametogenesis, 36, *37 
Ganglia, *296; see also Cerebrospinal 
ganglia 
Ganglion layer (eye), *238, 239 
- of Froriep, 229, 234 
Gartner’s canal, 170 
Gasserian ganglion, see Semilunar 
Gastral mesoderm, 87 
Gastrocoel, 86, 137 
Gastro-hepatic omentum, 159 
Gastrula, 72, 86 
of amphioxus, 9, 87, *88 
of chick, 17, 93, *94, *95, *96, *97 
of frog, 12, *80, *89, *90, *91, *92 
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Gastrula of man, 20, 98 
of pigeon, *95 
Gastrulation, see Gastrula 
Gatenby, 41 
Gene theory, 3, 53 
Genes, 3, 65 
Genetics, 3 
Genic balance, *69, 70 
Geniculate ganglion, 228 
Genital artery, 187 
ducts, *169 
organs, see Reproductive organs 
ridge, 167, *168 
tubercle, *171 
Genotype, 61 
Germ, 1 
cells, 23, 53 
layers, 86 
of amphioxus, 11, 87, 88 
of chick, 17, 93 ff 
of frog, 14, 89 ff 
of man, 20, 98 ff 
ring, 81 
wall, 84, *108, *123 
Germinal spot, *32, *33 
Germinativum (of skin), 215 
Gill plate, 105 
Girdles (of skeleton), *205 
Gizzard (of chick), 145 
Gland (of skin), *215 
Glomerulus, *162, *163, *164, *165, *303, 
*304, *306 
Glomus, *278, *283 
Glossopharyngeal ganglion, *230 
nerve, *226, 228, 242 
Glottis, 153, 154 
Golgi bodies, 23, *24, 25, 26, *39, *40, 
#56 
Golgi-idiosome complex, *40 
Gonads, 39, 167, *168, 174, 176, 178, 267 
Gonia, 39; see also Odgonia, Sperma- 
togonia 
Gonoducts, 174, 176, 178 
Gonomery, *250 
Graaffian follicle, see Vesicular follicle 
Gradient, see Axial gradient 
Granulocyte, 182 
Graphic reconstruction, 323 
Gravity, 263 
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Gray crescent, *48, *50, 51, *80, 90, 
91, 250, 251, 256, 259 

Ground protoplasm, see Hyaloplasm 
Growth in length, 101 

-promoting hormone, 267 
Gudernatsch, 267 
Gynandromorph, *70 
Gynogenesis, 248, 250 


H 


Haeckel, 3 
Hair, 213, *214 
Haploid larva, 248, *249 
number (of chromosomes), 60 
Harrison, 257 
Hartman, 29, 51, 127 
Harvey, 2 
Hatching of amphioxus, 11 
of chick, 18 
of frog, 14 
Head, 103 
fold, *108, *110, 116, *118, *285 
of amnion, 122, *288, *289 
-mesenchyme, 218 
-turning muscles, 229 
Heart, 184, *185 
muscle, 209, 212 
of chick, *193, *288, *289, *292 
of frog, *191, *271, *275, *280, *281 
of man, 195, *196 
of pig, *298 
Heat, 264 
Heidenhain’s hematoxylin, 318 
Hemalum, 312 
Hemiazygous vein, *198 
Hemipenis, 171 
Hemiplacenta, 126 
Hemoblast, *182 
Hensen’s node (or knot), see Primitive 
node 
Hepatic cords, 141 
ducts, 141 
portal veins, *188, 195 
veins, *188, *197, 198 
vesicle, 141 
Herbst, 267 
Hermaphrodite, 23 
Hertig and Rock, *19, 20, 99 
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Hertwig, 73, 248, 250, 264 
Heteroplastic transplantation, 257, *258 
Hind-brain, see Rhombencephalon 
Hind-gut, *102, *187, 142, 149 
of chick, *297 
of frog, *270, *271, *274, *275 
His, 4, 323 
Hoadley, 97 
Holoblastic cleavage, *73 
Holtfreter, 267 
Homolecithal, see Isolecithal 
Homoplastic transplantation, 257, *258 
Hormones in development, 267 
Horn, 213 
Host, 257 
Humerus, *205 
Huxley and de Beer, 251 
Hyaloplasm, 23, 25 
Hybrid vigor, 250 
Hymen, 178 
Hyoid arch, 112, 115, 203 
cartilage, 203 
Hyomandibular artery, 192 
cartilage, 203, 241 
pouch, 115 
Hypoblast, see Endoderm 
Hypochord, *106, 107, *273, *278 
Hypogastric plexus, *230 
Hypoglossal nerve, *226, 229 
Hypomere, *155 
Hypophysis, *137, 138, 223, 231, 234, 
*281, *293 
of chick, 145, *271, *272, *276, *277 
of frog, 142 
of man, 147 
of pig, *140, *299, *301 
Hypothalamus, 223 


i 


Identical twins, 256 

Idiosome, *39 

Tleum, 141 

Iliac artery, *186, 187, *194 

Ilium, *205 

Implantation, 20, 124, 128 

Incubation, 17 

Incus, 204, 242, *246 

Indeciduate placenta, *130, *131, 132 
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Indeterminate cleavage, 252, *253 
Indigo-carmine, 318 
Induction, 261, *262 
Infundibulum (of brain), *137, 138 
of chick, 233, *295 
of frog, *231, *271, *276, *281 
of man, *221, 234 
of pig, *301 
Inheritance of acquired characteristics, 
39 
Inner ear, *240, *246, *282, *284 
Innominate vein, *197, 198 
Insulin, 141 
Integument, 213 
of chick, 216 
of frog, 215 
of man, 216 
Intermediate mesoderm, *155, 161, *287, 
*290, *291; see also Nephro- 
tome 
Internal carotid artery, *186, 187, *300, 
*307 
gills, 116, *151, 153, *280, *282; see 
also Demibranch 
jugular vein, *189 
nares, *237 
Interplantation, 257, *258 
Interrenal gland, 171, *172, *174 
Intersegmental artery, *186, 186 
Intersexes, *69, 70 
Interstitial cells (of testis), *45, 167 
Interventricular system, 196 
Intestinal portal, see Anterior and Pos- 
terior intestinal portal 
loop, 149 
Intestine, 141 
of chick, *145, 146 
of frog, *143, *144, *278, *280, *281, 
*284 
of pig, *304, *305 
Invagination, 87 
Investing bones, 200, 202, 204 
Involution, 87, 90, 94 
Tris, 239, *240 
muscles, 239 
Irradiation, 248, 265 
Ischium, *205 
Isolation experiments, 258 
Tsolecithal, 30 
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Isthmus of brain, 234, *295 
of Pander, *33 
Iter, 222; see also Mesocoel _ 


J 


Jacobson’s organ, see 
organ 
Jaw, 2038, 215 
muscles, 211 
Jenkinson, 265 
Johannsen, 3 
Jugal bone, *203, *204 
Jugular ganglion, 288, *300 
vein, see Internal jugular v 


Vomeronasal 


K 


Kaestner, 264 

Karyokinesis, 53, *54 

Karyolymph, 23, 53, 55 

Karyoplasm, 23 

Karyosome, see Chromatin knot 

Kathariner, 251 

Kidney, see Pronephros, Mesonephros, 
Metanephros 


L 


Labia majora, 171 
minora, 171 
Labio-scrotal folds, 171 
Lactogenic hormone, 267 
Lagena, 241; see also Cochlea 
Lamina terminalis, 231 
Lanugo, 216 : 
Large intestine, *283; see also Colon 
Larva of amphioxus, 11 
of frog, 14 
Laryngeal cartilages, 154, 203 
muscles, 211, 228 
Laryngotracheal groove, 153, 154 
Larynx, 154° 
Latebra, *33 
Lateral folds of amnion, 122, *123 
limiting sulci, 109, 124, *290, *294, 
*297 
line organs, 228, 242, 244 
mesocardia, 159 
mesoderm, *155; see also Hypomere 
ventricles, 223 
Laying (of hen’s egg), 17 
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Leg bud, *297; see also Anterior limb 
bud 
Lens (of eye), *243, 245, 263, *277, 
+282, *284, *301 
field, *238 
pit, *238, 239, *248, *293 
placode, 112, *238, 242, *243 
vesicle, *238, 239, 242, *243, 246, *281, 
*296 
Leucocyte, 182 
Lieberkind, 107, 215 
Life history, see also Ontogeny 
of amphioxus, 8, *10 
of chick, 15, *16 
of frog, 11, *13 
of man, 18, *19 
Ligaments, 199 
Ligation experiments, 253, *254, 255 
Light, 265 
Lillie, 46, 116, 234, 257, 268 
Limb buds, 117, 118; see also Anterior 
i and Posterior limb buds 
Linkage groups, 65 
Lithium carbonate, 309 
Liver, 141, 182, 188 
of chick, *145, 146, *293, +297 
of frog, *143, *144, *270, *271, *273, 
"  *275, *276 
of man, 148 
of pig, *140, *298, *299, *303, *304, 
*307 


‘Loeb, 5, 49, 208 


Lung, *152, 185 
bud, *148, *152, 153, *299, *303; see 
also Bronchus 
of chick, *145, 154 
of frog, *143, *144, 153, *283 
of man, 154 
Luteinizing hormone, 128, 267 
Lygaeus, 62, *63 
Lymph glands, 184, 190 
hearts, 190 
sacs, *190 
Lymphatic system, *190 
Lymphocytes, 182 


M 
Macacus, 29, 51 
Macrolecithal eggs, 30 
Macromeres, 78 
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Mainpiece (sperm), 26, *27 
Male hormone, 167, 268 
Malleus, 204, 242, *246 
Malpighi, 2 
Mammary gland, 215, 216 
Mammillary bodies, 223 
Mandibular arch, 112, 115, 203 
ridges, 138 
Mangold, 256 
Mantle layer (of spinal cord), 219, *220 
Margin of overgrowth (of area opaca), 
84, *108, 119 
Marginal belt, 81, 259 
layer, 219, *220 
zone, 91 
Massive nucleus, 25 
Matrix (of chromosome), *54 
Maturation divisions, 40, 43, 47; see 
also Meiosis 
Mazxilla, *203, *204 
Maxillary ridge, 138 
Mayer’s hemalum, 312 
Meatus venosus, *191, *194, *293, *297 
Meckelian cartilage, 203 
Mediastinum, 1438, 158 
Medulla oblongata, see Myelencepha- 
lon 
Medullary, see Neural 
cells, 171; see also Suprarenal 
sheath, 219 
Megalecithal, see Macrolecithal 
Megaloblast, *182 
Meiocyte, see Cyte, Odcyte, Sperma- 
tocyte 
Meiosis, 57, *58, *59; see also Matura- 
tion divisions 
Melanin, 50, 239 
Membrane bones, 199 
Membranous labyrinth (of ear), 241 
Mendel, 3 
Meninges, 219 
Menstrual cycle, 51, 128 
Meroblastic cleavage, *73 
Merogony, 248 
Mesectoderm, 72, 86 
Mesencephalon, *220, *221, 222 
of chick, *233, *288, *289, *291, *292, 
*294, *295, *296 
of frog, 231, *270, *271, *275, *276, 
4277, *281 
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of man, 234 
of pig, *298, *299 
Mesenchyme, 86, 155, *286, *287, *290 
Mesendoderm, 72, 86 
Mesenteric artery, *186, 187 
vein, 198 
Mesenteries, 156, *157, 159 
Mesentoderm, see Mesendoderm 
Mesoblast, see Mesoderm, Middle germ 
layer 
Mesocardia, 156, *157; see also Dorsal] 
and Ventral m 
Mesocoel, 222 
Mesoderm, 72, 86, *272, *286, *287 
Mesodermal crescent, *79 
lacuna, 93, *106 
Mesoduodenum, 156 
Mesogastrium, 156 
Mesohepar, 156, *157 
Mesomere, *155; see also Intermediate 
mesoderm 
Mesonephric duct, *161, *163, *164, 
*165; see also Wolffian duct 
of chick, *175, 176, *297 
of man, *177 
of pig, *304, *805, *306 
tubules, *163, *164, 169, *294, *297 
Mesonephros, 162, *163, 189 
of chick, 176, *295 
of frog, 173 
of man, 177 
of pig, *298, *299, *303, *804, *305, 
*306 
Mesophase, see Metaphase 
Mesorchium, 167 
Mesovarium, 167 
Metabolic gradient, 30; see also Axial 
gradient 
nucleus, 53, *54 
Metacarpals, *205 
Metacoel, 222 
Metamerism, 102 


of head, 229 
Metamorphosis of Ambystoma, 267, 
268 
of amphioxus, 11 
of frog, 14 


of spermatid, see Transformation 
Metanephric duct, *161, 164, *175, *179, 
*306 
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Metanephros, *161, 164, *175, 176, 177, 
178, *179, *299 
Metaphase, *54, 55 
Metaplasm, 28, *24, 26, 30 
Metatarsals, *205 
Metencephalon, *220, *221, 222 
of chick, *233, *292, *294, *295 
of frog, 231, *276 
of man, 234 
of pig, *298, *299 
Metestrum, 128 
Methyl methacrylate, 311 
Microdissection, 257 
Microlecithal eggs, 30 
Micromeres, 78 
Micrometry, 321 
Micron (uw), 321 
Micropyle, *31 
Mid-brain, see Mesencephalon 
Middle ear, *240, 241, *246 
Middle piece (sperm), 26, *27 
Mid-gut, *102, *137, 141, 148 
of chick, *287, *290, *291, *293, *294, 
*297 
of frog, *270, *273, *276, *279 
Milk ridge, 216 
Milnes-Marshall, 35 
Mitochondria, 23, *24, 25, *27, *39, *40, 
47, 55, *56 
Mitosis, 58, *58 
Modeling wax, 324 
Moenkhaus, 250 
Monoploid number (of chromosomes), 
see Haploid 
Monovular twins, 256 
Monsters, 70, 256, 263 
Moore, 264 
Morgan, 3, 251, 265 
Morula, 18, 77, 85 
Mosaic eggs, 252, *253 
theory, 252 
Mossman, 124, 129 
Motor neurons, *218 
Motor-oculi nerve, see Oculomotor 
Mounting diagram, 311, 316 
Mouth, 116, 138, 142, *280 
Mucous gland, see Sucker 
Mule, 250 
Miller, 65, 265 


INDEX 


Miillerian duct, *168, *169, 170, 174, 
178; see also Oviduct 
Muscles, 209 
in tail of frog, *281 
Mutation (of genes), 65 
Myelencephalon, *220, *221, 222 
of chick, *233, *292, *293, *294, *295, 
*296 
of frog, *276, *277, *282, *283 
of man, 234 
of pig, *298, *299, *300 
Myelin, 219 
Myelocoel, 222 
Myocardium, 184 
Myocoel, *155 
Myotome, *209 
of chick, *297 
of frog, *275 
of pig, 302 
Myzxine, 31 
N 
Nail, *214 
Nares, see Anterior and Posterior nares 
Nasal, see also Olfactory 
bone, *208, *204 
pit, 112, *236, *237 
of chick, 245, *294, *296 
of frog, 242, *279 
placode, 236, *237, 242, 245 
septum, *237 
Nasolachrymal duct, *237 


‘Nebenkern, see Paranucleus 


Neck bodies, 26, *27, *41 
Necturus, 150, 211 
Needham, 5, 22, 125 
Neonychium, 216 
Neopallium, see Cerebral hemisphere 
Nephric tubules, 161 
Nephrocoel, *155, *162, 163, 219 
Nephrogenic cord, 161, 163, 164 
Nephron, 162 
Nephrostome, 161, *162, *278 
Nephrotome, 163 
Nerves, see Cerebral and Spinal nerves 
Nervous layer (frog), *106, 107 

system, 217 
Neural crest, 101, *106, 107, 156, 171, 

217, *218, *291 
folds, 101, *105, *106, 110, *218, *285 
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Neural groove, 101, *218, *245, *287 
plate, 101, 104, *105, *106, 107, 217, 
*218 
tube, 191, *105, *106, 217, *218 
of chick, *286, *288, *291 
of frog, *270, *271, *273 
Neurenteric canal, *104, *137, 144 
Neuroblasts, 218 
Neurocoel, 219 
Neurocranium, *202 
Neuromeres, 229, 233 
Neurons, 218; see also Motor and Sen- 
sory neurons 
Neuropore, *104 
Neurula, 14, 72, 102 
Neurulation, 72, 101 
in amphioxus, 103, *104 
in chick, 107, *108 
in frog, *105, *106 
in man, *109, 110 
Nodal cells, see Polar cells 
Nodose ganglion, 228, *301 
Non-disjunction (of chromosomes), 67, 
*68 
Normal saline solution, 309 
stages, frog, *80, *105, 111, *113, *114 
Normoblast, *182 
Nose, 236, *237, 242, 245 
Notochord, 86, *106, 107, 200, 202 
of chick, *285 ff 
of frog, *270 ff 
of pig, *298 ff 
Notochordal canal, *100 
Nuclear membrane, *24, 53 
sap, see Karyolymph 
Nucleolus, 23, *24, 53 
Nucleoplasm, see Karyoplasm 
Nucleus, *24, 248 
of brain, 222 
of Pander, see Latebra 
pulposus, 201 
Nurse cells, see Follicle and Susten- 
tacular cells 


O 
Oblique vein, *197, 198 
Occipital bones, *203, *204 
vertebrae, *202 
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Oculomotor nerve, *226, 227, *300 
Ocesophagus, see Esophagus 
Oestrus, see Estrus 
Okkelberg, 46 
Olfactory, see also Nasal 
capsule, *202 
lobe, *221, 223 
nerve, *226, 227 
pits, *280, *302, *307 
Oligolecithal, see Microlecithal 
Omentum, *157 , 
Omphalomesenteric, see Vitelline 
Ontogeny, 1 
Obcyte, 39, 42, *43, *44 
Odgenesis, 42, *43 
Odgonium, 39, *44 
Oétid, 40, 42 
Opercular aperture, 116; see also 
Spiracle 
chamber, *282, *283 
fold, 116 
Operculum, 151, 153 
Ophthalmic, see Optic 
Opossum, 121, *129; see also Didelphys 
Oppenheimer, 75 
Optic chiasma, 231, *276, *281, *299 
cup, *238, 239 
in chick, *233, 245, *291, *293, *294, 
*296 
in frog, *275 
in man, 246 
in pig, *3801 
field, *238, 242, *243, 246 
lobes, *232; see also Corpora bigem- 
ina, Corpora quadrigemina 
nerve, *226, 227, *232, *238, 239, *240, 
*243 
placode, 217 
recess, 231, 233, 234, *276, *281 - 
stalk, 234, *238, *243, *274 
vesicle, 112, *220, *221, 223 
in chick, *233, 245, *288, *290 
in frog, 242, *243, *270, *272 
in man, 246 
Oral cavity, 138 
gland, 270; see also Oral sucker 
plate, 137 
sucker, 112, 215 
Organ of Corti, see Spiral organ 
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Organ-forming areas, 47, *48, *49, 76, 
77, *82, *96 
Organization during cleavage, 252 
germ layer formation, 257 
of the fertilized egg, 247, 248 
Organizer, 262 
Organogenesis, see Organogeny 
Organogeny, 111, 137 ff 
Origin of behavior, 225, *226 
Ossification, 199 
Osteoblasts, 199 
Ostium tubae, *169, 170 
Otic, see also Acoustic, Auditory 
bones, *203, *204 
capsule, *202, 203, 241 
field, *240 
ganglion, *230 
pit, 112, *221, *240, *241, *243, *244, 
#245, *246, *270, *272, *293 
placode, 228, *240, 241, 242, 243, *290 
vesicle, *240 
of chick, 245, *291, *294, *296 
of frog, 243, *244, *275, *277 
of man, *221, 246 
of pig, *300 
Otocyst, see Otic vesicle 
Otoliths, 241 
Outer ear, 242 
peritoneal lining, 156 
Ovarian follicle, *168 
hormones, 128; see also Female sex 
hormone 
Ovary, *44, 168 
Oviduct, 127, *169; see also Miillerian 
duct 
Oviparous, 44 
Oviposition, 44 
Ovoviviparous, 44 
Ovulation, 48, 127, 169 
Ovum, see also Egg, 40 
in ovo, 33 
period of, 118 


Painter, 65 

Paired limbs, 116 

Palate, *237, 245, 246 

Palatine bone, *208, 204 
tonsil, 147 
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. Pericardial cavity, *158 


Pancreas, *140, 141, 143, *145, 146, *148 
Pancreatic acini, 148 

ducts, 141, 299 

islands, 148 
Parabionts, 268 
Parachordal cartilage, 202 
Paradidymis, *169, 170, 178 
Paraffin, 313 
Paraphysis, 223 
Parasphenoid bone, *203, 204 
Parathyroids, 139, *140, 143, 145, 147 
Paraurethral gland, 179 
Parietal bones, *203, 204 

recess, 160 
Parmenter, 48 
Paroophoron, *169, 17 
Parthenogenesis, 48, 251; see also Arti- 

ficial parthenogenesis 

Pasteels, 81, 89, 93, 94 
Pathetic nerve, see Trochlea, 
Patterson, 93, 94 
Pectoral girdle, *205 

muscles, *211 
Pelvic girdle, *205 

muscles, 211 
Penetration (by sperm), *46, 47 
Penile urethra, 171 
Penis, 171 
Perameles, 129 
Perforatorium, see Acrosome 
Periblast, 15, 83, *84 


of chick, 159, *289, *296 

of frog, 159, *277 

of man, *157, 160 

of pig, *303 
Pericardioperitoneal canal, 158 
Pericardium, 184 
Perichondrium, 199 
Periderm, *213 
Perilymph, 241 
Periosteum, 199 
Peripheral nervous system, 217, 232, 234 
Peristomeal mesoderm, 87 
Peritoneal cavity, *158, 160 
Perivitelline fluid, 46 
Petrosal ganglion, 228 
Pfliiger, 251 
Phaeochrome cells, see Suprarenal 
Phalanges, *205 
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Phallus, *171 
Pharyngeal pouches, see Visceral 
pouches 
cartilages, 203 
muscles, 228 
Pharynx, 103, 138 
of chick, 144, *145, *292, *296 
of frog, *143, *276, *277, *279, *282 
of man, *148 
of pig, *298, *299 
Phenol-xylene, 312 
Phrenic nerve, 210 
Phylogeny, 3 
Pia mater, 219 
Picro-indigo-carmine, 318, 319 
Pig, 10-mm. embryo, *298, ff 
Pigment, 26, 30, 218 
layer (retina) *238, 239, *243, *277, 
*282, 284, *293, +296, *301 
Pincus, 242, 248 
Pineal gland, 223 
Pinna (of ear), 242 
Pituitary gland, 138, 202, 267; see also 
Hypophysis 
hormones, 128, 267 
Placenta, 127, 129 
of carnivores, *130, *131, 132 
of man, 20, *131, 132, *133, *135 
of marsupials, 129 
of ungulates, *129, *130, *131, *132 
Placode, 217, 236 
Placoid scale, *200 
Plasma membrane, 23, *24, 25, 26 
Plasmasome, see Nucleolus 
Plasmatrophoblast, *99, 124 
Plastic reconstruction, 324 
Plasticity, *259, *260 
Plastid, 23, *24, 25 
Pleural cavity, 154, *158, 160 
groove, *296 
Pleuroperitoneal septum, 160 
Plough, 65 
Pneumogastric nerve, see Vagus 
Polar body, 40; see also Polocyte 
cells, 98 
furrow, 79 
Polarity, 30, 251 
Pole, see Polarity 
Polocyte, 40, *43, *50; see also Polar 
body 
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Polyinvagination, *95, 96 
Pons (of brain), 222, 231, 233, 234 
Pontine flexure, *221, 233, 234 
Portal vein, *188, *304, *305 
Postanal gut, *137, *138 
Postcardinal, see Posterior cardinal vein 
Postcaval vein, *189, *197, 198, *299, 
*308, *3804, *305 
Postcloacal gut, see Postanal gut 
Posterior cardinal vein, *183, 184, *189 
of chick, *194, *298, *294, *297 
of frog, *192, 193 
of man, *196, 198 
of pig, *303, *305 
caval vein, see Postcaval vein 
chamber (of eye), 239, *240 
limb bud, *294, *298, *306 
nares, 245; see also Internal nares 
tubercle, 231, 233, 234, *271, *276, *281 
Postnuclear cap, *27, 29, *41 
Postotic ganglion, 232, 234 
Precardinal, see Anterior cardinal vein 
Precaval vein, 189, *197, 198 
Prechordal brain, 202, *220 
plate, *90, 91, 97, *100 
Precoracoid bone, *205 
Preformation, 2 
Premaxilla, *203, *204 
Preoral gut, *137, 138, *299 
Preotic somites, *210 
Preserving embryos, 308 


- Pressure experiments, 255, 256 


Presumptive germ layers, *90 
Primary germ layers, 86 
vesicles (brain), *220, 221 
Primitive choanae, 245, 246 
groove, *287 : 
node (or knot), 97, *100, *285 
pit, *100 
streak, 86, 93, *96, *97, *100, *285, 
*286, *288, *289 
Primordial germ cells, 38, *39, 40 
Primordium, 8 
Proacrosome granule, *40, 41 
Proamnion, 109, 122, *285, *287 
Proctodeum, *102, 107, 112, 116, *137, 
147 
Proestrum, 128 
Progestin, 128 
Proliferation, 128 
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Pronephric duct, *143, *162, 163, 175 
shelf, 172 
tubules, *162, *278, *279 
of chick, 175 ‘ 
of frog, 172, *173, *275, *280, *283, 
#284 
of man, 177 
Pronucleus, 45, *46, 47, 250 
Prophase, 53, *54 
Prosencephalon, *220, *221, *222 
of chicks, 233, *288, *289, *290, *291 
of frog, 231, *270, *271, *272, *274, 
*275 
Prostate gland, 179 
Prostatic utricle, *169, 170, 178 
Protenor, *62 
Protopterus, *215 
Pseudobranch, 151 
Pseudothyroid, see Parathyroid 
Pterygoid bones, *203, *204 
Pterygoquadrate cartilage, *203 
Puberty, 21 
Pubis, 205 
Pulmonary arch, 186, *187 
artery, *186, *187, 193 
vein, 189 


Q 


Quadrate bone, *203, *204 
Quadratojugal, *203, *204 


R 


Radialia, 205 

Radium, 265 

Radius, *205 

Radix aortae, see Aortic root 

Rami of nerves, see Communicating, 
Dorsal, and Ventral rami 

Rathke’s pocket, see Hypophysis 

Rauber’s cells, *120, 124 

Recapitulation theory, 3 

Receptors, 217 

Recombination experiments, 258, *259, 
*260, *261, *262 

Reconstruction (models), 323 

Rectal plate, 149 

Rectum, *140, 142, 144, 149, 167, *179 

Reduction division, 57 

Reflex action, 225 
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Regulation eggs, 252, *253 
Renal, see also Excretory, Nephric 
artery, 187 
portal vein, 189, 195, *197, 198 
Reproductive organs, 167, *168, *169 
of chick, 176 
of frog, 174 
of man, 178 
Respiratory organs, 150 
of chick, 154 
of frog, 153 
of man, 154 
Resting nucleus, see Metabolic nucleus 
Retention theory, 5 
Reticulum (of nucleus), 23, 53 
Retina, *238, *243, 246 
Rhinencephalon, see Olfactory lobe 
of chick, 233, *288, *289, *290, *291 
of frog, 231, *270, *271, *272, +275 
Rhomboidal sinus, *288 
Ribs, 200, *201 
Roots (of nerves), see Dorsal and Ven- 
tral roots 
Roux, 5, 252 
Rugh, 44 


S 


Saccule (of ear), *240, 241, *244, 245, 
*246 

Sachs, 73 

Sacral plexus, 219 


Salivary gland, 138, 147, 228 


chromosomes, 65, *67 

Scales, 213, *214 
Scapula, *205 
Schleiden, 3 
Schmidt, 252 
Schrader, 55 
Schwann, 3 
Sclera (of eye), 202, 239, *240 
Sclerotome, 200, *209, *297 
Scrotum, 171 
Second meiotic division, *58, *59, 60 
Secondary choanae, 245, 246 

embryo, *262 
Secretion (oviduct), 128 
Secretory tubules, 164 
Sectioning, 314, *315, 316 
Seessel’s pocket, see Preoral gut 
Segmental muscles, *279, 289 
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Segmentation cavity, see Blastocoel 
Self-differentiation, 260, *261 
Semicircular canals, 228, 241, *244, *246, 
*282 
Semilunar ganglion, 227, *230, 232, 234, 
*300 
Seminal vesicle, *169, 170 
Seminiferous tubules, *45, 167, *168, 
169 
Sense organs, 217 
of chick, 245 
of frog, 242 
of man, 245 
plate, 105 
Sensory corpuscles (skin), 236 
layer (retina), *238, 239, *243, *277, 
*282, *284, *293, *296, *301 
Septum aorticopulminale, 194, 197 
transversum, 148, *157, 158, 184, *303 
Serial sections, 313 
Sero-amniotic raphe, see 
raphe 
Serosa, see Chorion (of amniota) 
Sertoli cell, see also Sustentacular, *41 
Sex chromosomes, *62, *63, *64 
hormones, 268; see also Male and 


Amniotic 


Female h 
Shell, *32, *33, *123 
gland, 176 


membrane, 31, *33, *123 
Shumway, 4, 111, 264 
Siamese twins, 256 
Sinus of nose, *237 
rhomboidialis, *288; see also Rhom- 
boidal sinus 
terminalis, 184 
venosus, 185, *194, *291, *295, *296, 
*302, *307 
Situs inversus, 251 
Skeletal labyrinth (of ear), 241 
muscles, 209 
Skeletogenous regions, *199, 200 
Skeleton, 199 
of chick, 207 
of frog, 206 
of man, 207 
Skin, see Integument 
glands, *215 
Skull, *202, *203, *204 
Smith’s fluid, 308 
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Smooth muscles, 209, 212 
Soma cells, *38 
Somatic layer of mesoderm, 155, *287, 
*291 
mitosis, 53, *54 
neurons, 224, *225 
Somatopleure, 103, 119, 156, *287, *290 
Somites, 102, 105, 109, 110 
of chick, *285, *287, *288, *290-*297 
of frog, *270, *271, *273, *276, *278 
Spawning of amphioxus, 9 
of frog, 12 
Special neurons, 224 
Species hybrids, 250 
Spemann, 251, 253, 257 
Sperm, 26, *27, 35, 45 
of amphioxus, 27, *28 
of chick, *28 
of frog, *28 
of man, *27, *28, 29 
Spermatic vein, *197 
Spermatid, 40, *41 
transformation, *41, 42 
Spermatocyte, 39, *40, *45 
Spermatogenesis, 41 
Spermatogonia, 39, *45, 167 
Spermatozoon, see Sperm 
Spermioteleosis, see Spermatid trans- 
formation 
Sphenoid bones, *203, *204 
Sphenoidal sinus, *237 
Sphenolateral cartilage, *202 
Sphenopalatine ganglion, *230 
Spina bifida, 264 
Spinal accessory nerve, *226, 229 
cord, 219 
of chick, *290, *297 | 
of frog, *278, *284 
of pig, *301—-*307 
ganglion, *220, *225, *301-*304 
nerves, 219, *220, 223, *224, *225, 
*298, *302, *303 
Spindle (miotic), *54, 55, *56 
Spiracle, 14, 115 
Spiral nerve, see Cochlear nerve 
organ (ear), 228 
Splanchnic layer (of mesoderm), 155, 
*287, *291 
Splanchnocoel, see Coelom 
Splanchnocranium, *202, *203 
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Splanchnopleure, 119, 156, 181, 
*290 
Spleen, 156, 182, 196 
Spongioblasts, 218 
Squalus, *200, *202 
Squamosal bone, *2038, *204 
Staining, 317 
Stapedial muscle, 242 
plate, 241, 244, 245 
Stapes, 203, 241, 242, *246 
Stem cell, *38 
Sternum, *201 
Stomach, 139, *140, *143, *148, *281, 
*302, *307 
Stomodeal plate, *292 
Stomodeum, 102, 107, 112, 116, *137, 
138, 142, 147, *272, *276 
Stratum corneum, 213; see also Cor- 
neum 
germinativum, 213; see also Germina- 
tivum 
granulosum (of ovarian follicle), *168, 
169 
Streeter, 98 
Striated muscle, 209; see also Muscles 
Stroma (of testis), 167 
Styela, 47, 74, 253 
Subcardinal vein, *189, *303, *305, *307 
Subcaudal pocket, 116 
Subcephalic pocket, 108, *286, *289, 
*290 
Subclavian artery, *186, 187 
Subintestinal vein, 184 
Submaxillary ganglion, *230 
Submucus plexus, *230 
Subnotochordal rod, see Hypochord 
Substituting bones, 200, 202 
Subunguis, *214 
Sucker (of tadpole), *271, *272, *276, 
*277, *282; see also Oral sucker 
Sudoriparous glands, 215 
Sulcus limitans, *220 
Superior ganglion, 228, *300 
Supersexes, *69, 70 
Supracardinal vein, *197, 198 
Suprapericardial, see Ultimobranchial 
Suprarenal gland, 171, 172, *174, 218, 
231 
Sustentacular cells, 167 
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Sweat glands, 215; see also Sudoripa- 
rous glands 
Swim bladder, 152 
Sympathetic ganglia, *168, 171, 218, 
72204200 
nerves, 217, 229, 234 
trunks, 229, *230 
Synapse, *225 
Synapsis, 57, *58, *59 
Syncytiotrophoderm, see 
phoderm 
Syncytium, 24 
Syngamy, see Fertilization 
Systematic arch, 186, *187 


Plasmatro- 


ap 
Tail, 103, 116, 117, 118 
bud, *105 
fin, *280 


fold, 116, 118, *291 
of amnion, 122 
Tapetum, see Sensory layer 
Tarsal bones, *205 
Taste buds, 139, 142, 228, 236 
Technical records, 319 
Teeth, 138, *139, 147 
Telehcephalon, *221, *221, 234 
of chick, *283, *292, *294, *295, *295 
of pig, *298, *299, *302 
Telobionts, 268 


’ Telolecithal eggs, 30 


Telophase, *54, 55 

Temperature gradient, 264 

Tensor tympani (muscle), 242 

Teratology, 70 

Terminal nerve, 227 

Testis, *45, 167, *168 

Tetrad, 57, *58, *59 

Thalamus, 223 

Theelin, see Estrin 

Thigmotaxis, 45 

Thymus, 139, *140, 142, 145, 147, 182, 
*307 

Thyroglossal duct, 139 

Thyroid, 139, *140, 142, 145, 147, *148, 
267, *277, *296 

Thyroxin, 267 

Tibia, *205 
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Tongue, 139, 142, 145, 147, *299, *301 
muscles, 210, 229 

Tonsil, see Palatine tonsil 

Torsion, 251 

Trabecula (cartilage), *202 

Trachea, *140, *145, *148, 153, *298, 
*299, *302, *303 

‘Transplantation experiments, 257-263 

Trigeminal nerve, 242, *301 

Triploid larvae, 248 

Triton, *248, *249, *255 

Trochlear nerve, *226, 227 

Trophoblast, 18, 19, 77, 85, *98, *85, 
*98, *99, 100, *121, *125, 131, 
133, 349 

Trophoderm, see Trophoblast 

Tuber cincreum, 223 

Tuberculum impar, 147 

postertus, see Posterior tubercle 

Tubo-tympanic cavity, 245 

Tunica albuginea, 168, 169 

Twins, 256 

Tympanic cavity, 241, *246 

Tympanum, *240, 241, *244, 245, *246 


U 
Ulna, *205 
Ultimobranchial bodies, *140, 148, 145, 
148 


Ultraviolet light, 265 
Umbilical artery, *186, 187, *196, *299, 
*305, *306 
cord, *120, 133, 135 
stalk, 116, *123, 124 
vein, 188, *196, 198, *304, *305 
Unguis, *214 
Urachus, *166 
Ureter, 142, 164, *177, 178 
Urethra, *166, 179 
Urinary bladder, 142, *144, 165, *166, 
173, 178 
Uriniferous, see Nephric 
Urodeum (of chick), 147, 168, 176 
Urogenital ducts, *169, *179 
organs, 161, 172, 175, 177 
orifice, 149 
plate, 149 
sinus, 142, 149, 167, *177 
vestibule, 171 


371 


Urorectal septum, 178, 179 
Uterine milk, 129 
tubes, 178 

Uterus, 127, *169, 170, 178 

Utricle (of ear), 240, 241, *244, 245, 
*246; see also Vestibule 

Utriculus prostaticus, see Prostatic 
utricle 


V 
Vacuoles, *24, 26 
Vagina, 178 
masculina, see Prostatic utricle 
Vagus ganglion, *230 
nerve, *226, 228, 242, *300 
Vandebrock, 48 
Vas deferens, see Deferent duct 
Vascular system, 181 
of chick, 193, *194 
of frog, 191, *192 
of man, 195, *196 
Vegetal pole, 30; see also Poie 
Veins, 188 
in chick, 195 
in frog, 193 
in man, *197, 198 
Velar plate, 153, *282 
Velum transversum, 234 
Vena cava, see Precaval vein, Postcaval 
vein 
Vent, 107, *271 
Ventral aorta, *183, 185, *186, *196 
mesentery, 156, *157, *297 
ramus, *225 
root, *220, *225, *301 
Ventricle of brain, 222 
of heart, 185, *194, *277, *282, *291, 
*293, *294, *295, *297, *299, 
*302, *303 
Vermiform appendix, 149 
Vertebrae, *201 
Vertebral artery, *186, 187 
Vesicular follicle, *168, 169 
nucleus, 25 
Vestibular nerve, 228 
Vestibule, *240 
Villi, 124, 130, *131 
Visceral arches, 112, 115, 150, 186, *202, 
209, 232 
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Visceral arches of chick, *293, *296 
of frog, *279 
of pig, *801 ‘ 
clefts, 103, 112, 115, *291, *294 
grooves, 118, *293 
muscles, 209, 212 
neurons, 224, *225 
pouches, 112, 115, 118, 139 
of chick, *145, *293 
of frog, 142, *279 
of man, *147, *147 
of pig, *140, *301, *307 
skeleton, 200, 218; see also Splanch- 
nocranium 
Vital stains, 48 
Vitamins, 267, 269 
Vitelline artery, *183 
of chick, *194, *291, *294, +297 
of pig, *299, *304, *305 
membrane, 26, 31, *32, *33, 46, *123 
vein, 184, 188, *196 
of chick, *194, *288, *291, *294, 
*297 
of frog, *278 
of pig, *299, *304, *305 
Vitreous body, *239, 240 
Viviparous, 44 
Vogt, 77, 81, 89 
Vomer, *203, 204 
Vomeronasal organ, 227, *237, 238, 242, 
245, 246 
Von Baer, 2 
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Wax plate models, 324 
Weismann, 5, 36, 39 


INDEX 


Whitman, 3 7 
Whole mounts, 311 
Willier, 97 
Wilson, 252 
Witschi, 253, 268 
Wolff, 2 
Wolffian body, see Mesonephros 
duct, *169, 170: 174; see also Meso- 
nephric duct i: 


Wright, 32 

x 
X-chromosome, *62, *63, *64 
X-rays, 265 


Xenoplastic transplantation, 257, *258, 
*259, *260, *261, *262 
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Y-chromosome, *62, *63, *64 
Yellow crescent (of Styela), *48, 250 
Yolk, 26, 30, *48, 119, *123, *275, *281 
nucleus complex, 43 
plug, 90 
Bacall 9) Se122 Pe 25uee 130) 
in chick, 119, *123, *126, *293, 296, — 
*297 
in man, *98, *100, 119, *120, *133, _ 
*135 
placenta, 119, 129 
umbilicus, 119, *123, 126 
stalk, 121, *122, *148 


Z 


Zona pellucida, *82, *34, 127 
Zone of junction, 84, *108, 119 
Zygote, 23; see also Fertilized egg 
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